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Swingle's Gitechism of Steam, Gas, 
and EJectrical Ejigineering 



INTRODUCTION 

The MmBt&ntly increasing demand for information in a 
condensed form, pertaining to engineering topics has in- 
dnced the author to prepare this book, with a view of 
aseisting bis brother engineers in their search for jnst the 
information that they are looking for, and especially when 
they are in a hurry, and do not have mnch time to look 
for it, as, for instance, in an emergency due to a break- 
down, the Catechism of Steam, Gas, and Electricity will be 
found to be an intalnabie aid, for the reason that it covers 
practically the entire field of Stationary Engineering, in- 
cluding not only Steam Boilers and Engines, but, in addi- 
tion, Steam Turbines, Qas Engines, and Qas Producers, 
Air Compressors, Refrigeration and Ice Making, Elevators, 
both Electric and Hydraulic, and finally, the subjects of 
Electricity and Electric Machines, Dynamos, Motors, etc 

The necessity for thorough and complete examinations 
regarding the qualiScations of men asking to be entrusted 
with the care and operation of power generators, whether 
steam, gas or electrical, is now univeraally recognized, and 
as a consequence, all large cities and towns, and_ a large 
number of states, have license laws, requiring engineers and 
electricians to pass these examinations before being granted 
licesBe permitting them to take charge of and operate such 
2 1 71.05 



Introduction 

machinery. To those contemplating the taking of such at- 
aminations, the questionB and answers following will prove 
to be a moat valnable helper, as it furnishes the much 
sought^f or information in plain, easily understood language 
the answers being condensed in such form as to enable the 
applicant for license to memorize them without, any diffi- 
culty whatever, and thua be^hle to qualify himself for the 
position sought for. This Catechism thas serves the double 
purpose of being an assistant to the worting engineer, and 
also a helper to the man who aspires to become an engineer. 

Calvin F. Swingle. 
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Types of Boilers 



1. What types of boilers are mrat commonly used for 
Btatiotiar7 work? 

Atis. The horizontal tubular boiler and the watei^tabe 
boiler. 

2. Describe in general terms the horizontal tabular 
boiler. 

Ans. It conBists of a shell having tubes of small diam- 
eter, extending from head to head. 
These tubes are located in the water space. 

3. What is their function? 

Ans. To supply a passageway to the stack for the hot 
gases from the furnace. 

4. Does the water in the boiler receive heat from these 
tubes? 

Ana, It certainly does. 

5. Describe the route taken by the smoke and hot 
gases in the operation of a tubular boiler. 

Avs. From the furnace, located under the front end 
of the boiler, the gases pass under and along the sid^ of 
the shell, back to the rear end, the upper part of which is 
arched over. The route ie here reversed, and the products 
of combustion return through the flues towards the front 
end and thence throi^h the breeching into the stack. 

6. Is this type of boiler economical in the burning of 
fuel? 

Ans. It can be made so if properly set and handled in 
operation. 

7. Describe in a general way the water-tube boiler, 
Ans. It consistB of a set, or sets of tubes 3 to 4 inches 

in diameter, sometimes vertical^ and sometimes inclined, 
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and connected at the top to a Hteam dmm, and at the bot- 
tom to a mud dram. 

8. What advantages as regards circolfttioB of the water 
haB the water tube boiler F 

Ans. It provides for a free circnlation. 

9. Name another advantage connected with the water 
tube boiler. 

Ans. The margin of safety from dangerous explosions. 

10. Why ia this? 

Ans. Because if one or more tubes gives way the pres- 
sure is relieved. 

11. What precautions should be observed in the design 
and construction of a boiler? 

Ans. The beet materials should be used, the boiler 
should be simple in design, and Qie workmanship should be 
perfect. 

12. Where should the mud drum be located ? 

Ana. In a place removed from the action of the fire. 

13. What should be the capacity of the boiler relative 
to its work? 

Ans. It should have a steam and water capacity suf- 
ficient to prevent any fluctuation in either the steam pres- 
Bure, or the water level, if properly fed. 

14. Why should the water in a boiler circulate freely 
and eomtantly? 

Ans. In order to maintain all parts at as near the same 
temperature as possible. 

15. What should the strength of a boiler be, relative to 
the strain it is liable to be subject to? 

Ans. It should have a great excess of strength, 

16. Is a combustion chamber an advantage to a boiler? 
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Ana. It is, in order to complete the combtution of the 
gases before they escape to the chimney. 

17. How Bhonld a boiler be arranged with regard io 
cleaning? 

Ans. All parts shoold be easily accessible for cleaning 
and repairs. 

18. What type of boiler is the Cahall? 
Atis. It is a. v&ter>tnbe boiler. 

19. Ib it vertical or horizontal ? 
Ans. It is built either way. 

30. What form of Cahall is generally osed in central 
power stations? 

Ans. The horizontal form. 

20a. What is the range of pressuTee that these boilers 
are bnilt for? 

Ans. From 160 to 600 pounds per square inch, 

21. Describe the method of constructing the joints. 

Ans. The sheets are beveled on the edges, bent into 
shape, and rivet holes drilled after bending. 

32. What is gained by so doing? 

Ans. Absolutely round rivet holes and no crystalliza- 
tion. 

23. What type of riveted joint is used on the higher 
pressure boilers? 

Ans. Triple riveted, double strapped. 

24. How are the tubes connected to the steam drum 
in the Cahall boiler? 

Ans. By nipples connected to saddles on the drum. 

25. Does this boiler rest upon the brick work ? 

vlfw. It does not, but is suspended free from the ma- 
sonry. 

26. What advantage is there in this style of setting? 
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Atis. The entire structure is free to expand or contract 
without causing any strains on either boiler or brick work, 

27. Describe the Heine boiler. 

Ans. It consists of one, and sometimes two shells on 
drums resting upon water legs riveted to each end. These 
water legs are connected by horizontal tubes. The water 
fills the tabes, water legs, and partially fills the shell, leav- 
ing the upper portion for ste;un space. 

28. In the setting does this boiler occupy a horizontal 
position ? 

Ana. No. The shell and tubes have an incline of one 
inch in twelve from front to rear. 

29. What provision is made for cleaning and repairing 
the tubes? 

Ans. Hand-holes are located in the head plates oppo- 
site each tube. 

30. How are these hand-holes closed? 
Ana. In the ordinary way, by plates. 

31. Where is the mud drum located in the Heine boiler ? 
Ans. Inside the shell, near the bottom. 

32. How is the Heine boUer supported in the setting? 
Ans. The front or fixed end rests upon cast iron col- 

nmns. The rear water leg upon rollers. 

33. Describe in brief the Babcock & Wilcox boiler. 
Atts. It ia composed of wrought iron tubes, placed in 

an inclined position, and connected with each other, and 
with a horizontal steam, and water drum by vertical headers. 

34. Where is the mud drum in this boiler ? 

Ans. In the rear, and connected to the lowest part of 
the boiler. 

35. What provision is made for cleaning the tubes in 
the Babcock & Wilcox boiler P 
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Ans. Throngh hand-holes in the headers, opposite each 
tube. 

36. How is this boiler supported In the setting? 

Ans. It is suspended from wrought iron girders, en- 
tirely independent of the brick work. 

37. Describe in general terms the Stirling boiler, 
Ans. It consists of three upper steam drums, each be- 
ing connected by a number of tubes to a lower or mud 
drum. 

38. How are the steam spaces connected? 
Ans. By shorter tubes. 

39. How is the boiler supported? 
Ans. On a structural steel frame work. 

40. What provision is made for expansion and contrac- 
tion of the tubes ? 

Ans. They are slightly curved near the ends. 

41. How are the hot ga^s directed in their course 
from furnace to stack? 

Ans. By means of fire brick b^e walls. 
48. How is the interior of this boiler cleaned? 
Ans. Four manholes are provided in the drums, by 
which access to the interior of both the drums and tubes is 



43. What type of boiler is the Maxim boiler? 

Ans. It is a water-tube boiler consisting of two dmms, 
one above the other, connected by tubes. 

44. Describe the tubes. 

Ans. Each tube has two bends, thus providing for un- 
equal expansion or contraction. 

45. How is the heating surface of the Maxim boiler 
arranged? 
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Ant. It Ib bo arranged that the cnrrent of heated gases 
is made to travel three times the length of the tubes, the 
direction of the current being changed seven times in its 
route ttom furnace to stack. 

46. What can bo said of the Bigelow-Homsby water- 
tube boiler? 

Ana. Owing to the flexible form of its construction it 
is possible to build it in very large unite, 13,000 horsepower 
and upwards. 

47. What peculiar feature makes this possible? 

Ana. Each section is independent of its neighbor, ex- 
cept the nipples connecting with the steam drum, and the 
equalizing nipples connecting the bottom drums of the 



48. How is the boiler supported ? 
Ans. Entirely from overhead beams, 

49. What percentage of the heating surface do the tubes 
of the front unit comprise P 

Ant. More than 1% per cent. 

50. Where is the feed water first admitted ? 
■Ana. Into the bottom drum of the rear unit. 

51. Describe the course of the feed water. 

Ant. The feed water is admitted into the bottom drum 
of the rear unit, and is advanced gradually from the coldest 
to the hottest portion of the boiler. 

68. How is the speed of the feed water up the rear unit 
n^nlated? 

Ana. By the amount of steam generated, ample time 
being permitted for scale forming matter to be deposited 
in the bottom drum of this nnit. 

53. Where does the liberation of steam take place? 

Ant. In the upper drum. 
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64. What can be said of this boiler regsrdini; the utili- 
zation of the heat? 

Ans, It is baffled bo that the prodncts of combuBtion 
are carried nniformly over the beating surfaces in thin 
layers, the baffle plates serving to guide the gases through in 
substantially uniform passages. 

£5. To irhat factor of safety is the Blgelow-HorDsby 
boiler btiilt? 

Atu. Five for 200 pounds working pressure. 

56. Describe in brief the Wickes vertical vater-tnbe 
boiler. 

Ans. It consists of two cylinders joined together end- 
ways by straight tubes, and erected in a vertical position. 

57. What can be said of the top cylinder? 

Ans. It is the longer, and is designated the staani drum. 

68. What about the bottom cylinder? 

Ans. It is the shorter, and is deffignated the mud drum. 
Both cylinders vary in dimensions aa to diamet«r and 
length, according to the power required of the boiler. 

69. Where are the manholes of the Wickes boiler? 
Ans. One is placed in the convex bead of the steam 

drum; there are also a number of hand-holes in this head. 
A manhole is also placed in the lower or mud drum, near i 
the floor, thus permitting access to the top and bottom of ' 
the boiler, 

60. How are these tabes divided? 

Ans. By heavy fire-clay tile these tubes are divided into 
two compartments. Those tubes in the front compart- 
ment are called the "riaers" and those in the rear the 
"downeomerB." j 

61. What can be said of the heat in its double passage? i 
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Ans. It Burronnds completely, and closely the tabes in 
both compartmeiitB. 

62. Where is the water line in this boiler? 

Ans. At a aufBcient height in the steam drum to in- 
snre the complete submersion of all the tubes. 

63. Hot is the brick work setting of the Wickes water- 
tube boiler arranged? 

Ans. It is independent of the weight of the boiler, and 
free to expand or contract. 

64. Describe briefly the design of the Atlas water-tube 
boiler, 

Ans. It consiats mainly of three drums and two water 
legs extending crosswise, while the tubes extend lengthwise. 

65. What is the original feature in the design of the 
water legs? 

Ans. They are formed by the continuation of front 
and rear shell plates. 

66. What other valuable feature is claimed for this 
boiler? 

Ans. After the steam leaves the vessels containing water 
it is passed through a series of superheating tubes, and is 
superheated. 

67. Describe the course of the feed water. 

Ans. It is fed first into the purifier, whence it over- 
flows into the rear drum and down into the rear 1^, thence 
through the inclined tubes to the front leg, thence up into 
the front drum, where the steam is liberated and carried 
through superheating tubes to the steam drum. 

G8. What are the facilities for cleaning the water tubes 
of this boiler? 

Ans. An individual hand-hole is located opposite each 
end of each water tube. ^. 
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69. Ho^ ia the interior of each of the three crose drums 
reached? 

Ans. Through a large manhole in each end. 

70. Describe briefly the design and coDstmctioa of 
the Marzolf water-tube boiler. 

Ans. It consists of three drums connected with each 
other in triangular form. Dram A directly over the fire 
is connected by tubes with drum B above it, and with drum 
C in the rear and slightly bdow it. Drum C, which is the 
mnd drum, is also connected with drum B. The tubes are 
each Blightly bent. The steam is collected in dmm B, which 
is maintained about one-third full of water. 

71. Describe in brief the action of the heat tipon ihia 
boiler. 

Ans. It acts first upon the water in dmm A over the 
furnace, then by means of a baffle wall it is carried along 
the inclined tubes to drum B, where it is deflected and car- 
ried down along other inclined tubes to dmm C, thence to 
the stack. 

71. How are the products of combustion caused to act 
npon the lower bank of tabes? 

Ans. By means of baffle walls located in the rear of 
t^e fnroace. 

72. At what point in this boiler is the feed water ad* 
mitted? 

Ans. At the lowest point, viz., the mud dmm. 

73. What are the principal advantages claimed for the 
Duplex water-tube boiler? 

Ans. Delivery of superheated steam; the removal of 
steam from the boiler at a point where there is no ebul- 
lition ; the drums not exposed to the direct action of the 
fire. 
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74. Describe in brief the design of this boiler. 

Ana. Two npper steam dnmiB connected by tnbea, a 
mnd drum at the bottom and rear which is connected to 
the upper droniB by headeie and short nipples. The tubes 
are inclined 30 degrees to insoie rapid and positive cir- 
cnlation. 

75. Hot is this boiler sapported? 
Ant. Upon s heavy steel ftameworic. 

76. What is the leading featore in connecticm with 
the Erie City water-tube boiler? 

Ans. The three banks of tabes are practic^y vertical, 
connected to npper, and lower drums, and spaced so that any 
one of them may be cut oat for repairs without interfering 
with the others. 

77. How do the prodnda of combustitHi act apon this 
boiler? 

Ans. The baffling is arranged to pass three times across 
the tubes, and at each end of the upper drum is a dry 
chamber. 

78. Describe in brief the best method of supporting 
horizontal tubular boilers. 

Ana, By means of hangers suspended from I beams, 
supported by cast iron columns. This takes the weight off 
the side walls. 

79. What three principles should govern the design 
and construction of steam boilers ? 

Ana. First : They should be absolutely safe. Second : 
They should be economical in the consumption of fnd. 
Third : They should be capable of furnishing dry steam. 

80. What is meant by the term tensile strength as ap- 
plied to boiler material ? , , 
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Ana. The number of ponndB of pull that vould be 
required to break a bar of the material in the direction of 
itslexigtli. 

81. What is liable to occur in case the tensile strength 
is too high? 

Ana. Cracking of the sheets, also certain changes in the 
physical properties of the metal. 

82. Which are the stronger, punched or drilled plates? 
Ans. If the material is good soft steel, punched plates 

show a greater shearing resistance. 

83. What should be the tensile strength of rivet iron? 
Ans. About 60,000 pounds per square inch. 

84. What is a good test for a %-inch rivet? 

Ant. It shoold stand being doubled up and hammered 
together cold vithoat being fractured. 

86. What is the shearing resistance of iron rivets ? 
Ana. About 85 per cent of the original bar. 

. 86. What is the shearing resistance of steel rivets? 
Ant. 77 per cent of the original bar. 

87. What is meant by efficiency of the joint? 

Ans. The percentage of strength of the solid plate, that 
is retained in the joint. 

88. What should be the style of joint with sheets thicker 
than ^ inch? 

Ans. It should be a double butt joint. 

89. What should be the ratio of diameter of rivet to 
thickness of plate for double butt joints ? 

Ana. The diameter of the rivet should be about 1.8 
times the thickness of sheet. 

90. What shonld be the pitch of rivets? 
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Ans. Three and one-half to four timea the diameter of 
the hole. 

91. DeBcribe the triple riveted butt joint. 

Ans. It has two welts or straps, one inside, and one 
outside. . 

93. Is this a good form of joint? 

Ans. It is. 

93. What type of joint gives the highest efficiency? 
Ans. A joint in which the tensile strength of the rods 

from which the rivets are cat approaches that of the plates, 
and when the proportions of the joint are snch, that the 
tensile strength of the rivets, and the crushing resistance 
of the riyets and plate, for a given, or unit strip, are as 
nearly equal as it is possible to make them. 

94. In how many ways may failure occur in a double 
riveted butt joint? 

Ans. In £ve distinct ways. 

95. Name the first manna of failure. 

Aas. Tearing of the plate at outer row of rivets. 

96. What is the second? 

Ans. Shearing two rivets in double shear, and one in 
single shear. 

97. What is the third manner of failnre? 

Ans. Tearing of the plate at inner row of rivets, and 
shearing one rivet in the outer row. 

98. Describe the fourth method of failure. 
Ans. Crashing in front of three rivets. 

99. What is the fifth manner of failure? 

Ans. Crushing in front of two rivets, and shearing <hi«. 

100. How may a triple riveted butt joint fail ? 



Types of Boilers 17 

Arts. First: By tearing the plate at the outer row of 
rivetB. Second: By shearing four rivets in double shear, 
and one in single shear. Third : Kupture of the plate at 
the middle row of rivets, and shearing one rivet. Fourth : 
Crushing in front of four rivets, and shearing one rivet. 

101. What is the efficiency of the quadruple riveted 
butt joint? 

Ans. In some cases as high as Si per cent. 

102. In what four ways may failure occur in this type 
of joint? 

Ans. First: By tearing the plate at the outer row of 
rivets. Second : By shearing eight rivets in double shear, 
and three in single shear. Third : By tearing at inner row 
of rivets, and shearing three rivets. Fourth: By tearing at 
first out«r row of rivets where the pitch is 7^ inches. 

103. What is implied in the staying of a flat surface? 
Ans. Holding it against pressure at a series of isolated 

points, which are arranged in symmetrical order. 

104. Does the cylindrical shell of a boiler need bracing? 
Ans. No. 

105. Why is this? 

Ans. Because the internal pressure tends to keep it 
cylindrical. 

106. How are the heads sometimes stayed? 

Ans. By through stay rods of soft steel, or iron II4 or 
2 inches in diameter extending through from head to head. 

107. What advantage has this form of stays? 
Ans. The pull is at right angles to the plate. 

108. What other methods of bracing the heads of high 
pressure boilers are used ? 

Ans. Gusset stays, and dished heads. ^ , 
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109. What is the minimnm factor of safety for stays, 
and braces? 

Ans. Eig^t. 

110. Give a siinple rule for finding the bursting prea- 
sore of unstayed flat surfaces. 

Ans. Multiply the thickness of the plate in inches by 
teQ times the tensile strength and divide the product hj 
the area of the surface in square inches. 
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Boiler Setting and Elquipment 

111. What tvo methode of Bupport are generally used 
in the setting of horizontal tubular boilera ? 

Ans. First : By suspension from I beams and girdera, 
and secondly by means of brackets riveted to the side Bbeete, 
and reeting upon the aide walls. 

118. HoTT are water tube boilers usually supported in 
the setting? 

Ana. By suspension. 

113. What important details should be looked after 
concerning the brick work? 

^iw. The foundations should be good, and (he walls 
built in such manner aa to take care of the expansion and 
contraction. 

114. How is this accomplished? 

Ana. By leaving an air apace of two inches in the aide 
and rear walls beginning at the level of the grate bars, and 
extending up to abont the center line of the boiler. 

115. What kind of brick should be used for inside 
lining? 

Ana. Fire brick .of good quality. 

116. How should bridge walls be built for horizontal 
tubidar boilers? 

Am. Straight acrora from wall to wall. 

117. About what distance from the bottom of the boiler 
should this wall be ? 

Ana. Eight to ten inches. 

19 
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118. Where is the combustion chamber? 

Ans. It is the space back of the bridge wall. 

119; How should boiler walla be secured? 

Ans. By means of tie rods extending the entire length, 
and breadth of the setting. 

120. What are the buck stays? 

Ana. They are strong cast-iron, or wronght-iron bars 
placed vertically upon the outside of the walls, and secured 
to the tie rods. 

131. Should horizontal tubular boilers be set perfectly 
level lengthwise? 

Ans, It ia better that they be set about one inch lower 
at the back end, than at the front end. 

133. Give one of the main reasons for this s^le of 
setting. 

Ans. When washing out the boiler, the mud and water 
will more easily drain towards the blow off pipe. 

133. What is the usual ratio of grate surface to heating 
surface ? 

Ans, One square foot of grate surface to each 36 square 
feet of heating surface. 

134. At what point should the glass water-gauge he 
located? 

Ans. In such a position as to bring the lowest visible 
portion of the gauge glass exactly on a level with the top of 
the upper row of tubes of a horizontal tubular boiler. With 
other types of boilers the lowest end of the gauge glass 
should always be on a level with the danger point. 

126. Why E^onld the above roles be observed in locating 
a water column? <^' 
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Ans. BecauBe when the water level in the glass begins 
to draw near to the lower end of glass the engineer or water 
t^der will have an infallible guide to warn him to get 
busy. 

136. What IB & good indication that the connections of 
the water glaas are choked or plugged with scale ? 

Ans. When there is no movement of the water in the 
glass. 

127. Why should there be a trap, or siphon in the pipe 
connecting the steam gauge to the boiler P 

Ans. To prevMit the hot steam from coming into con- 
tact with the spring of the gauge. 

128. How may the steam gauge, and safety valve be 
tested in comparison with each other? 

Ans. By occasionally raising the steam pressure high 
enough to cause the valve to open at the point for which 
it is set to blow. 

139. Is the pop valve reliable as a safety valve? 

Ans. It is, if not allowed to stand idle too long and 
become rusty, 

130. How often should it be allowed to blow off? 
Ans. At least twice a weet. 

131. Are lever safety valves used to any extent? 
Ans. They are still in use to Ewnne extent, but are rapidly 

being superseded by pop valves. 

138. What is the function of a fusible plug? 

Ans. The fusible alloy of which it is composed will melt 
when it comes in contact with dry steam, and allow the 
steam to blow a warning. 

133. Where is the fusible plug located? 
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Ant. In that portion of the heating surface of s boiler 
vbich ia first liable to be overheated from lack of water. 

134. Are Domes and Mud drnms necessary parts of 
boilers? 

Ana. They are not as a role. 

135. Where should the blow off pipe always be con- 
nected? 

Ang. With the lowest part of the water space. 

136. Should the blow ofE cock be opened while the 
boiler is under pressure ? 

Ans. Yes, for a few seconds, once, or twice each day. 

137. Ib a surface blow off any advantage? 
Ans. It is, especially if the water is muddy. 

138. What precantions should be observed with regard 
to inlet for feed water ? 

Ang. The feed water shonld not be allowed to come 
directly in contact with the hot boiler sheets until its 
temperature is equal to, or near that of the water within 
the boiler. 

139. How may this be brought about? 

Ana. By means of feed water heaters, and internal coils 
of pipe through which the feed water is caused to pass. 

140. What is the most economical style of feed pump? 
Ana. The belt-driroi power pump. 

141. Is it the most reliable, or safest? 
Ana. It is not 

143. What is the most reliable boiler feeding device, tor 
all conditions of stationary practice? 
Ans. The double acting steam pump. 
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143. What precaationB should be observed in figuring 
on the capacity of a feed pump for a battery of two or 
more boilers? " ,«r> ' ■ 

Ans. To take into account the total quantity of water 
required by all of the boilers; and let the capacity of the 
pump be equal to it 

144. In connection with feed apparatus for boilers, 
what other fittings and devices sbauld be installed F 

Ans. There should be a tee located in the horizontal 
Bection of the feed pipe near the check valve, and between it 
and the feed pump. One opening of this tee i is to be re- 
duced to % or 1^ inch to receive a hot water thermometer 
for testing the temperature of the feed water when making 
evaporatiTe teats, etc. 

US. What other provieiona along this line should be 
made? 

Ant. Tanks for weighing the feed water — also a sep- 
arate feed pipe to the boiler under test, also means for 
weighing the coal burned during test. 

146. Is the injector an efficient boiler feeder ? 

Ans. It is in locations where there is not very much 
exhaust steam available for heating the feed water. 

147. When, and by whom was the injector invented? 
Ans. In the year 1858, by Henri Gi£ard. 

148. Why does an injector force water into a boiler 
tiiat is under steam pressure? 

Aa». Because the steam passing through the injector 
imparts sufficient velocity to the water to overcome the 
boiler pressure. 

149. Why does an injector lift water from a hfet level ? 
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Ans. Because the coDdensation of the steam in the com- 
bining tube creates a vacuum there, and in the suction 
pipe connected with it. 

150. How may the size of the eteam header for a battery 
of boilers be determined ? 

Ans. The sectional area of the header should equal or 
slightly exceed the sum of the areas of all the boiler outlets 
to be connected with it. 

151. Where should all connections except for drainage, 
enter, and leave the main header ? 

Ans. At the top. 

153. How many valves should there be in each boiler 
conuectien leading to the header? 
Ans. Kever less than two. 

153. What kind of valves are best for this purpose? 
Ans. Automatic stop, and check valves. 

154. What is the most efficient type of superheater for 
practical purposes? 

Ans. The one that is contained within the boiler setting. 

155. How is the velocity of flow, or pistou speed per 
minute of a pump ascertained? 

Ans. Multiply number of strokeB per minutd by lengtii 
of stroke in feet, or fractions thereof. 

156. The piston speed being known, how is the velocity 
of Sow in the discharge pipe found? 

Ans. The velocity of flow in the discharge pipe is in 
inverse ratio to the squares of the diameters of the pipe and 
the water cylinder of pump. 

157. When it is required to discharge a certain quanti^ 
of water from a given size of pipe in a given time, how 
may the velocity of flow in feet per minute be found ? 
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Ans. Mnltiply the number of cabie feet to be discharged 
by 144 and divide by area of pipe in inches. 

158. When the volume of water to be discharged and 
the velocity of flow are known, how is the area of the pipe 
obtained ? 

Ans. Mnltiply Toltune in cubic feet by 144, and divide 
by velocity in feet per minute. 

159. What is meant by "acceleration of gravity," and 
what constant number represents it in connection wiQi 
bydranlice ? 

Ans. Acceleration of gravity is the increase in velocity 
cansed by the actual weight of the water, and is represented 
by the constant 3Z. 

160. What per cent of allowance is ordinarily made for 
friction in water pipes ? 

Ana. A deduction of 25 per cent is snfiBcient. 
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Feed Water Healers 

161. Ib a feed vater heater an economical factor in tlie 
equipment of a boiler plant? 

Ans. It certainly is, provided ezhanst ateam ie need for 
heating. 

163. How many kinds of exhaust heaters are there? 

Ant. Two, viz. : Open, apA closed. 

163. Describe in brief terms the action of a so-called 
(^>en heater. 

Ans, The exhaust steam mingles directly with the 
vater, and a portion of it is condensed. 

164. Describe the operation of a closed heater. 

An8. The exhaust steam and the water are kept sep- 
arate. In some cases the steam passes through tubes that 
are surronnded by water, and in otlier types the wat» 
fills the tubes that are surrounded by steam. 

166. What difference exists between the two kinds of 
heater? 

Ans. The closed heatw is under foil boiler pressure 
when the feed pump is working, while the open heater is 
not because the feed pump is between it and the boiler. 

166, What per cent of saving in fuel may be effected 
by the use of a heater? 

Ana. From 13 to 16 per cent. 

167. Of what capacity should a feed water heater be, 
relative to the boilers? 

Ans. It should have capacity snfficient to supply the 
boileia for 15 or 30 minutes. 
27 
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168. Can the exhanBt injector be osed for feedii^ 
boilers. 

Ans. It can if the boiler presBuie does not exceed 75 
pounds. , 

169. What advantages are gained bj the use of mechan- 
ical stokers? 

Ans. Begulation of the supply of fuel to meet the de- 
mand for steam; also the opening and dosing of furnace 
doors is avoided. 

170. What are the disadvantages attending the use of 
mechanical stokers? 

Ana. First, cost of installation. Second, in case of a 
sudden demand for steam the mechanical stoker cannot re- 
spond as quickly as in hand £ring. Third, extra cost for 
power to operate them. 

171. Into how many classes are mechanical stokers 
grouped? 

Ans. Pour. 

17S. Enumerate, and briefly describe. 

Ans. Class one — ^An endless chain of short grat« bsra 
that travel horizontally over sprocket wheels. 

Class two — Grate bars similar to the ordinary type hav- 
ing a continuous motion up and down, or forward and 
back, the bars being either horizontal or slightly inclined. 

Class three — Grate bars steeply inclined and having a 
slow motion. 

Class four — ^TJnder feed stoker in which the coal is pushed 
up onto Uie grate by means of a revolving screw, or steam 
ram. 

173. In what three forms is mechanical draft Tised tor 
boilers. i,\hii>Ii.- 
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Atts. Fiwt — ^Induced draft. 

Second — Forced draft, in which fans force air beneath 
the grates. 
Kiird — ^A combinatioQ of indaeed and forced draft. 

174. Is a good draft necessary for the efficient opera- 
tion of steam boilers P 

Ans. It certainly is. The economical combustion of 
fuel cannot be accomplished without a good draft. 

175. For what two purposes are chimneys reqnired? 
Ans. First, to carry off obnoxious gases. Second, to 

create sufScient draft for the combustion of the fuel. 

176. What factor governs the intensity of the draft, 
independent of the dimensions of the chimney? 

Ans. The difference in weight of the outside and in- 
side columns of air. 

177. What is the best shape of chimney? 
'Ans. Bound, with a straight flue. 

178. What is the weight, and volume of air at a tem- 
perature of 60°, and under average atmospheric pressure 
at sea level? 

Ana. One cubic foot weighs 536 grains, and 13.06 cubic 
feet weigh one pound. 
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Care and Operation of Boilers 

179. What is one of the most important duties of the 
engineer when he goes on watch ? 

An$. To ascertain the exact lieight of the water in his 
boilerB. 

180. Describe the correct method of doing this. 

Ans. Open the valve in the drain pipe of the water col- 
nnm, and allow the water to blow ont freely for a few 
8ec<HidB, then close the valve and note the level of the water 
when it settles back in the gauge glass. 

181. What is the next important step in beginning the 
day's work ? 

Ana. To see that the fires are cleaned, and in good con- 
dition. 

182. In firing boilers by hand, what ia the first and 
most important rule to be observed? 

Ant. Keep a clean fire. 

188. What is the second rule? 

Aas. See that every square inch of grate surface is 

covered with a good live fire. 

184. Qive the third rule r^rding firing by band. 
Ant. Seep a level fire. 

185. What is the fourth rule? 

Ana. Whoi cleaning the fire, always clean all clinkers 
and dead ashes away from the back end of the grates and 
the bridge walL 
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186. Why should this be done? 

An». la order to allow a free passage of the air through 
the grate bars, so as to promote (xnnbuBtion. 

187. If the plant nms continnoasly, day and night, 
what is one of the important duties of the fireman coming 
off watch ? 

Ana. To leave clean fires, dean ash pits, and a good 
supply of coal ready for the oncoming force. 

188. How long a time should the fires be allowed to 
bum before cleaning? 

Ans. This depends upon the quality of the coaL With 
a coal that does not clinker on the grate bars, an intetral 
of 7 or 8 hours may elapse between cleanings, but with the 
average soft coal the fires should not be allowed to bum 
longer than 4 or 5 hours without cleaning. 

189. What is one of the greatest aids to good combustioQ 
in a hand-fed furnace? 

Ana. A clean bridge wall, kept as hot as possible 

190. What precautions should be observed regarding 
the depth of Uie fire? 

Ana. It should not be allowed to become so deep and 
heavy as to prevent the air from passing up through it 
freely. 

191. How should the position of the ash-pit doors be 
regulated? 

Ans. With a clean, light fire, a slight opening will be 
sufficient, but with a heavy fire, and the grates clogged with 
ashes, a larger opening is necessary. 

192. How can the best results be secared in firing 
bituminous coal ? 

Aas. By leaving the fire doors slightly open for a few 
seconds immediately after throwing in a fire. 
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193. What reason is there for doing thia ? 

Ans. Because tbe volatile matter in the coal fiashes into 
flame Uie instant it comes in contact witli the heat of the 
fnmace, and xmlesB there is snfBcient supply of oxygen 
present just then, the combustion will be imperfect 

194. What is the result of this imperfect combustion? 

Atu. The f onnation of carbonic oxide gas, and the con- 
sequent loss of about two-thirds of the heat units contained 
in the cod. 

195. How may this loss be prevented in a great meas- 
ure? 

Ans. By admitting a sufGcient volume of air, either 
through the fire doors, directiy after throwing in a fresh 
fire, or, better still, providing air ducts through the bridge 
wall, or aide walls, which will direct the air in on top of 
the fixe. 

196. How mnch air is required for the complete com- 
bustion of one ponnd of coal F 

Ans, By weight 12 pounds — ^hy volume 150 cubic feet. 

197. What precaution is necessary regarding the tubes 
of a boOer in order to get the best results from the fuel ? 

Ans. The tubes should be kept clean and free from soot 
and scale. 

198. Should the steam jet cleaner be depended upon 
alone for cleaning the tubes ? 

Ans. Ko. The scraper should also be used. 

199. How should safety valves be looked after? 

Ans. They should be ample in size, never overloaded, 
and should be tested at least once a day to see that they 
act freely. 
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200. At what point should the Bteom gauge pointer 
stand when the pressure is off? 

Ans. It should stand at zero. 

201. What should be done in case of low water in a 
boiler? 

Am. The fire shcrald be covered immediately with ashes, 
earth, or if neither is ayailable use fresh coat. Draw the 
fire as soon as it can be done without increasing the heat 

202. Should the rate of feeding the water be increased, 
in case of extremely low water in the boiler? 

Ans. It should not, neither should the engine be stopped 
or the safety valve lifted, until the fires are out, and the 
boiler cooled down. 

203. In case of indications of cracks or blisters appeal^ 
ing on the boiler sheets, what should be done ? 

Ans. There should be no delay in making repairs. 

804. What should be done with fusible plugs when used? 
Am. They should be cleaned and carefully scraped on 

both water and fire sides at each washing out. 

805. How may the most economical results regarding 
fuel be attained with a steam boiler? 

Ans. By keeping the heating surfaces clean, both inside 
and outside, also careful firing, a little at a time, but keep- 
ing the grates covered. 

206. Should cold water ever be fed into a boiler when 
it is under pressure ? 

Ans. Not when it can be avoided. 

807. How may foaming usually be stopped ? 

Am. Sy checking the outflow of steam, by blowing 
down and pumping up, or by checking the draft and fires. 

808, Should air be allowed to pass to the boiler or tubes, 
ncept through the furnace? '^' 
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Ant. It should not, ae it will cause a vaate of fuel. 

209. What shotdd be done with leaks when discovered F 
Ang. They should be repaired as soon as possible. 

210. What precautions should be observed when pre- 
paring to empty a boiler for washing out, or other pur- 
poses? 

Ans. Allow it to cool down until there is no steam pr^- 
Bure, and until the brick work is cool also. 

811. When firing up a boiler what course should be 
pursued? 

Ans. Steam should be raised very slowly, and rapid fir- 
ing avoided. 

212. What bad results follow too rapid firing up of a 
boiler? 

Ana. Straining of the joints and seams caused by un- 
equal expansion. 

313. What should be done with a boiler that is to 
stand idle for any length of time? 

Ans. It should be emptied, and thoroughly dried. In 
case this is impracticable, fill it fall of water, and put in 
a quantity of washing soda. 

214. How long a time may a boiler be safely operated 
between dates of washing out ? 

Ans. This depends upon the nature of the feed water. 
The time should never be longer than two weeks, and with 
very bad water, the boiler should be washed out once a 
week. 

815. Besides cleaning the boiler imiide, what other very 
important work should the boiler washer perform while 
inside the boiler? 
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Ant. He should closely ezamme alt braces, stajB, and 
rivete by tapping them with a hammer. Any loose or de- 
fective parts can aeually be detected in this way. 

216. Diescribe four ways in vtiich tube failures may 
occur. 

Ant. 1. Fitting. 3. Defective welds. 3. Bagging. 4. 
Scabbing and blistering. 

217. How may a great saving in fuel be effected widi 
r^ard to the feed water? 

Ans. By heating it with the exhanst steam from engines 
and pumps before passing it to the boilers. 

218. Describe the available heating snrface of a station- 
ary boiler, of either tjrpe, return tubular or water tube. 

Ans. The lower half of the shell, and heads, and the 
combined cross sectional area of all the tubes. 

219. What should be the location of the water gauge 
glass, relative to the water level in the boiler ? 

Ans. It should be located at such a height as to bring 
the lover end of the glass tube on a level with the danger 
point for low water in the boiler. 

220. Where should the lower gauge cock be located 
relative to the danger point ? 

Ant. About three inches above. 

22S. Should an engineer or water tender depend entirely 
upon the water gauge glassra? 

Ans. He should not, but should frequently open and try 
the gauge cocks. 

S23. What should be done with the entire water column 
several times a day? 

Ant. It should be blown out thoroughly. 

2S4, What should be done with the safety valves in 
order to make them reliable P 
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Ans. They eboald be allowed to blow off at least twice a 
week. 

285. Why ia this necessary? 

Avs. Because the valves are liable to become corroded, 
and stick to their seats if not attended to properly. 

226. What is the rule for finding the bursting pressare 
of boilers? 

Ana. Multiply the tensile strength by the thickness and 
divide by one-half the diameter of the shell. 

227. How may the safe working pressure of a boiler be 
ascertained? 

Ans. By dividing the bursting pressure by five. 

228. What is the rule for ascertaining the velocity of 
flow in a pump ? 

Ana. Multiply the number of strokes per minute by 
length of stroke in feet. This will give piston speed. 

229. How may velocity of flow in the discharge pipe of 
a pnmp be found F 

Ans. Divide square of diameter of water piston by tha 
square of the diameter of pipe, and multiply by piston speed 
per minute. 

230. What is the rule for finding velocity in feet per 
minute required to discharge a given quantity of water in 
a given time ? 

Ans. Multiply number of cubic feet to be discharged by 
la and divide by area of pipe in inches. 

231. When the volume and velocity of water to be dis- 
charged are known, how may the area of the pipe be ascer- 
tained? 

Ans. Multiply volume in cubic feet by 144 and divide 
by velocity in feet per minute. 
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Z32. What iB one of the main reqaiBites in the s 
ftil burning of coal in a boiler furnace? 
Ans, A good draft. 

233. What is a commoii cause of lost economy in the 
operation of boilers ? 

Ans. Air leaks in the brick settings. 

234. Mention another source of Iobb in connection witii 
mechanical stokers. 

Arts. The dead area of grate that is covered with a thin 

layer of clinker, and ash. 

335. What is meant by the eipresBion "priming?" 
Ans. Canying over into the cylinder of water in l£6 

form of fine spray mingled vith the steam. 

236. How ma; this be prevented to a large extent ? 
Ans. By placing a baffle plate in the steam space of the 

boiler, directly under the dome. Steam separators nifty 
also be employed for this purpose. 

237. What should be the principal ol^ect in viev in 
burning coal under a boiler? 

Ana. To transfer as many as possible of tiie total Heat 
UDits in the coal^ to the water in the boiler. 
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238. What is meant by the tenn combuBtion as used in 
steam engineeTJng? 

Atu. It is the rapid chemical combination of oxygen 
vith the carbon, hydrogen and solphar in the fael with 
the accompaniment of heat and light. 

239. What is meant by the symbol CO,? 

Ans. CO, represoits perfect combnstioQ, viz., the cre- 
ation of carbon dioxide. 

240. What ie the most aboudant combostible in nature ? 
^iM. Carbon. 

241. How many heat nnits are contained in one pound 
of pnre carbon? 

Arts. 14,500. 

242. What is the heating valne of one Qonnd of hydro- 
gen gas? 

Ans. 63,000. 

243. Give the compoBitaon of cool. 

An$. Fixed carbon, volatile matter, ash and snlphar in 

varionB proportioiu, depending npon the qaality of the 
coal. 

244. Is snlphar desirable as a constitnent of coal? 
Ans. It is not. The gases formed from its combustion 

attack the metal of the boiler, caneing corrosion. 

245. What office does nitrogen perform in combustion? 



_J 



r 

40 SUam Engineering 

Am. No QBefnl office. Bather it ia a detriment, and 
in fact Ib the chief aoarce of loss in famacee. It is drawn 
in with ihe air. 

246. What is meant by the term calorific ralae of faelP 

Ans. The amoimt of beat liberated per pormd of fuel 
undergoing perfect combnetion. 

S48. What are economizera in connection with a boiler 
plant? 

Ans. Coils or stacks of cast iron pipe placed within the 
smoke fiae, or breeching and surrounded by Gie hot gases 
while the water is passed through the pipes on its way to 
the boilers, thus receiving an additional amount of heat. 

249. What two factors are necessary in order to attain 
economy in the bnming of coal ? 

Ans. A constant high furnace temperatore and quick 
combustion. 

250. Define the term heat. 

^n«. Heat is the result of the vibration of the mole- 
cules or atoms composing matter. 

251. Upon what does the intensity of heat depend? 
Ang. Upon the rapidity of the agitation to which the 

molecules are subject. 

252. What are the general effects of heat ? 

Ans. When heat is added to, or taken away from a 
body the temperature of tiie body is altered and its volume 
is varied. 

253. What is absolute zero? 

Ans. It b that degree of temperature at which, owing 
to the intense cold, a perfect gas would disappear. Abso- 
lute zero is 461" below the zero of the Fahrenheit ihsc' 
mometer. 
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854. What is a heat nnit (B. T. U.) ? 

Ans. It ia the quantity of heat required to raise the tern- 
peratnre of one pound of vater one degree, or from 3&° 
to 40° F. 

265. What is the mechanical equivalent of heat? 

Ana. 778 foot ponnds; in other words, 778 pounds 
raised one foot high. 

S56. What is the specific heat of any substance? 

Ans. The ratio of the quantity of heat reqmred to raise 
a given weight of that substance one degree in tempera- 
ture, to the quantity of heat required la raise an equal 
weight of water one d^ree when the water is at its maxi- 
mum density, viz., 39.1° P. 

257. What is latent beat ? 

Ans. Heat given to a body and not warming it. 

S68. What is Beosible heat? 

Ans. Heat given to a body and warming it. 

269. Of what is pure water composed? 

Ane. By volume — Hydrogen 2 parts, oxygen 1. 

By weight — Hydrogen 11.1 parts, oxygen 88,9. 

260. Is perfectly pure water desirable for use in a steam 
boiler? 

Ana. It is not, as it will cause corrosion and pitting of 
the sheets. 

261. What two ingredients in water are the chief causes 
of incrustation in boilers? 

Ans. The carbonates of lime and magnesia. 

262. What ia steun? 

Ans. Steam is the vapor of water generated Iqr an in- 
crease of the natural vibrations of molecules of the water 
through the application of heat 
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263. What ie saturated 8t«ain? 

Ans. Steam taken directly from the boiler to the engine 
without being Buperheated. 

2Gi. What is anperheated steam? 

An3. Steam that has been heated to a higher tempera- 
tare than that due to its preseiire. 

265. What should be done with all pipes through which 
live steam is conducted for purposes of beating, or power ? 

Ans. They should be well protected by a covering, in 
order to prevent loss of heat by radiation. 

266. In what respect should steam be considered in ita 
relation to the engine ? 

A.m. As a vehicle for transferring the heat energy from 
the boiler to the engine. 
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267. What is the primary object of an evaporation test? 

Ans. To ascertain how many poondB of water the boilers 
are evaporating per pound of coal burned. 

368. What other important pointB relative to boUer 
operation may be determined by these tests ? 

Ana. There are four. First — To determine the efficiency 
of the plant as an apparatus for the consumption of fuel, 
and the evaporation of water. Second — To determine the 
relative economy of different varieties of coal, and other 
fuels. Third — To determine whether or not the boilers 
are being operated as economically as they might be. 
Fourth — To determine whether the boilers are being over 
worked. 

269. In what condition should the testing apparatus 
be maintained? 

Ans. In first-class condition, ready to be used at any 
time for making a test. 

370. What should be done with the boiler, and all of 
its appurtenances preparatory to making a test? 

Ans. They should be put in good condition, by clean- 
ing, etc. 

271. How should the boiler under teit be operated 
during the test? 

Ane. At its full capacity. 

272. Where should the water level be at the beginning, 
and dose of the test? 
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Ans. At the height ordinarily carried, and its position 
should be marked bj tying a cord around one of the guard 
rods of the gauge ^asa. 

273. How long should the test last? 

Ans. About 10 hours. 

S74. How is the percentage of moisture in the steam 
determined? 

Ans. Bj means of the calorimeter. 

275. How many, and what kind of calorimeters are 
used for this purpose ? 

Ans. Two. The throttiing calorimeter, and separating 
calorimeter. 

376. Upon what principle does the throttling calori- 
meter act? 

Ans. Upon the principle of temperatures. 

S77. How does the separating calorimeter act? 

Ans. It mechanically separates the water from a known 
volume of steam passing through it. 

278. In what other manner may the condition of steam 
r^arding its dryness be approximated? 

Ans. By observing its appearance as it issues from a 
pet cock, or other small opening. 

279. How will steam containing 1 or 2 per cent of 
moisture appear under such conditions ? 

^ns. It will be transparent close to the orifice from 
which it issues. 

380. How is the chimney draft measured? 
Ans. By means of a draft gauge. 

381. What is the usual form of draft gauge? 
Ans. A glass tube bent in the shape of the letter U. 
282. Describe the action of a draft gauge. 
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Ans. One leg of the IT tube is connected to the chimney 
by a small rubber hoee. The other leg is open to the at- 
mosphere. The tube is partly filled vith water, which 
when there la no draft viR stand at the same height in 
both legB. 

S83. When thiere is a draft and the mbber hose is con- 
nected to the chimney how ia the water in the U tube 
affected? 

Ana. The draft snction caoaea the water in the leg to 
which the hose is connected, to rise while the lerel of the 
water in the other leg will be equally depiessed. 

284. How ia the intensity of the draft tiius estimated P 

Ans. In fractions of an inch, ,5, .1 or ,75 inches. 

585. What is the object of due gas analysis ? 

Ans. There are three. First — ^To determine the amoont 
of excess air admitted to the furnace. Second — To de- 
termiae the character of the comboation. Third — To as- 
certain the heat losses. 

586. What weight of oxygen is required for the com- 
plete combustion of one pound of carbon? 

Atia. Z.&i pounds. By volume, 3S cubic feet. 

287. What gaseous combination Is produced by com- 
plete combustion? 

Ans. Carbon dioxide (COj). 

288. What is the result of imperfect combustion? 
Ans. Carbon monoxide (CO). 

289. How is the efBciency of the boiler and furnace 
ascertained through an evaporation test ? 

Ans. By weighing the coal consumed and the water 
evaporated during a certain number of hours and dividing 
the number of pounds of water evaporated by the number 
of pounds of coal consumed. This will give number of 
pounds water evaporated per pound of coal. 



46 Steam Engineering 

290. What ia meant by the term "eqaiTalent evapoia- 
tionr 

Ana. It assnmeB that the feed water enters ibe boiler 
at a temperature of 212", and is evaporated into Bteam at 
212° and at atmoepheric pressure. 

291. Why is this standard necessary in evapomtion 
tests? 

Ana. Because of the variations in the temperatoie of 
the feed water used in different tests. 

292. What is meant by boiler horse-power? 

Ana. The evaporation of 34^ pounds watn from • 
feed temperature of 212° into steam of the same tempera- 
ture; or the evaporation of 30 pounds water from a feed 
temperature of 100° into steam at 70 pounds gauge pres- 
sure. 

293. What is meant by the expression "total heat of 
evaporation ?" 

Ans. The sum of the sensible heat plus the latent heat, 
at boiling point. 

894. What is steam in its relation to the engine ? 

Am. It is merely a vehicle for transferring the Imt 
energy from the boiler to the engine shaft. 
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295. Into what two geneial classes are steam mginee 
divided. 

Ans. Simple and ocDnponnd. 

296. Deecribe a simple engine. 

Ans. A simple en^e may be either condensing or non- 
condensing, bnt its leftding cbaracteiiatifi is, Uiat the steam 
is used in bnt one cylinder. 

397. What is a condensing engine? 

Ans, One in which the exhaust steam is passed into an 
air-tight vessel in which a vacnnm is maintained, the ^- 
haiist ateam being there condemed by coming in contact 
with cold water, or a series of tabea throogh which cold 
water is being circulated. 

398. Describe a compoond engine? 

Ans. A compound engine ia one in which the steam is 
made to do work in two or more cylinders before it ia al- 
lowed to exhaust. 

399. How is this accomplished? 

Ans. By causing the exhaust steam fnmi the first, or 
high pressure cylinder, to pass into a second cylinder of 
larger diameter, and, if the engine be triple or quadruple 
expansion, from thence into a third or fonrth cylinder, 
the diameters of which increase in regular ratio. 

300. What is a non-condeusing engine? 

Ans. One from which the steam exhausts directly into 
the atmosphere, or is used for heating purposes before 
passing out into the open air. 

4* 
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301. What disadvaotage does a non-coiidetismg engine 
conBtsutl; labor imderF 

A.ns. The presHOie of the atmoBphere amoimting to 
14.7 pounds per sqoare inch is constantly in resistance to 
the motion of the piston. 

303. Mention eeveral other causes that tend to increase 
the back pressure npon the piston of a non-condensing en- 
gine. i 

Ans. The resistance of bends and tame in the exhaust 
pipe, also causing the exhanst to pass through feed water 
heaters or heatii^ coils. 

304. What is back pressareP 

Aiu. Fressore that tends to retard the forward stroke 
of the piston. 

306. What advantage haa a ccmdensing engine orer a 
non-condensing engine? 

Aiu. The atmoq)heric presBore is removed from in front 
of the piston to a degree corresponding to the height of 
the vacanm that is maintained in the condenser. 

306. How many classes of condensers are there in gen- 
eral use? 

iln«. Two; jet condensers and surface condensers. 

307. Describe a jet condenser. 

Am. One in which the steam is e^ansted into an air- 
tight veasd, and is there condensed by coming in contact 
with a jet or spray of cold water. 

308. How is this water ronored? 

Atu. By means of the air pnmp, which also maintains 
a vacuum in the condenser. 

309. Describe a surface ccmdeuser. 
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Attt. It ie on air-tight vessel, either cylindrical or 
rectangular in shape, fitted with a large nomber of brass 
or copper tubes, of amall diameter, throng which the cold 
water is forced by the circulating pomp. A Tacnnm is 
maintained in the body of the condenser by the air pump, 
and the st«am exhausted into this is condensed by coming 
in contact with the cool earface of the tubes. In some 
cases the steam passes thnmgh the tubes in place of around 
them, the condensing water being forced into and through 
the body of the condenser, and the vacuum being main- 
tained in the tubes. 

310. Describe an injector condenser. 
Ana. A condenser in which the cold water is forced 

through an annular enla^ement of the exbaast pipe, and 
passing down into a nozzle which gradually contracts. The 
exhaust steam entering at the same time is condensed, the 
water rushing through the nozzle with a velocity sufficient 
to create a vacuum. 

311. About what quantity of water is required per 
horse-power per hour to condense the exbanst stoam from 
an engine? 

Ana. About 38 to 40 gallons, depending upon the tem- 
perature of the condensing water. 

313. What three factors are necessary to insure good 
economy with multiple cylinder engines ? 

Ang. First — A high initial pressure. Second — ^Expan- 
sion of the steam to greatest ^ent possible. Third — Pro- 
tecting the surfaces of the cylinders from cooling influences. 

313. Describe a cross compound en^e. 

Ana. An engine consisting of two cylinders, each hav- : 
ing its own connecting rod and crank, the cranks beii^ I 
set at opojwite ends of the engine shaft, and at m angle j 
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of 90° to each other. The high preBsure cylinder exhausts 
into the low pressure cylinder, usually through a receiver. 

314. Describe a tandem compound engine. 

Ans. An engine having the two cylinders arranged tan- 
dem to each other, with a common piBton rod, and connect- 
ing rod. 

315. What advantage is gained by this design? 

Ana. A much shorter and more direct route for the 
exhaust steam in its passage from the high to the low pres- 
Bure cylinder. 
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316. What inportant featnres in the operation of an 
eogine are dependent upon a correct adjustment of the 
valves ? 

Atis. The efficiency of the engine, the economical use 
of steam, and the regular and qaiet action of the engine. 

317. How many different types of Talvee are there in 
general nse? 

Ajia. Slide, poppet, rotative, piston, gridiron, etc. 

318. What are the basic principles governing the ad- 
justment of the valves of an engine, regardless of &.e type? 

Ans. Adraiesion, cut-off, release, and exhaust closure; 
each of these functions to occur at the proper moment dur- 
ing one stroke of the piston, 

319. Kame two important functions of a valve. 
Ans. Lap and lead. 

320. What is the effect of increasing outside lap? 
Ana. Later admission, and an earlier cut off. 

321. What results from increasing inside lap? 

Ana. Earlier exhaust closure, and an increased conpres- 
sion. 

322. What advantage has an engine of the four valve 
type over a sin^e valve engine? 

Ana. Each individual valve may be adjusted in- 
pendently of the others. 

333. If a valve had neither lap nor lead what would 
be the position of the eccentric relative to the crank? 
51 
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Ans. 90° ahead of the crank. 

324 What IB meant by the tenn "angular advance," and 
why is it neceBsary ? 

Ans. The distance that the high point of the eccentric 
is set ahead of a line at right angles with the crank. It is 
necessary in order to give the valve lap, and lead. 

336. What is the first fnnction of the valve at the com- 
mencement of the stroke? 

Ant. Lead, or admission. 

3S6. What is the second function? 

Ana. Fall port opening. 

ZZ1. 'What is the travel of a valve eqnal to? 

Ans. Twice the port opening plus twice the ontside lap. 

338. What is the third function of the valve? 

Ans. Cnt off. 

329. What is the fourth function? 
Ans. Exhanst closnre, or compression. 

330. What will be the effect if the valve baa no inside 
lap? 

Ana. An early release, and no compression. 

331. What is meant by "radios of eccentricity ?" 
Ana. One half the travel of the valve. 

332. What is an eccentric? 

Ans. A mechanical device for converting rotary into 
reciprocating motion. Its center of revolutitm is apart 
f r<nn its center of formation. 

333. What is the "throw" of an eccentric? 

Ans. The distance from the center of the eccentric to 
the center of the shaft. 

884. What is meant by eccentric position? 

k. _ 
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Am. The location of the highest point of the eccentric 
relative to the center of the crank pin, expressed in degree 

335. What is valve travel? 

Ans. The diatance covered by the valve in its move- 
ment. 

336. "What is lap? 

Ans. The amomit that the ends of the valve project 
over the edges of tie ports vhen the valve is at mid travel. 

337. What ia inside lap? 

Ans. The lap of the inside, or exhaust edge of the valve 
over the inside edge of the port. 

338. What is ontside lap? 

Am. The lap of the ontside edge of the valve over the 
outside edge of the port. 

339. What is lead? 

Ans. The amonnt that the port is open when the crank 
is on the dead center. 

340. Why must a valve have outside lap ? 

Ans. Because admission and cut oS are controlled 
thereby. 

311. Why should a valve have inside lap? 

Ana. In Older that release and compression may be 
properly controlled, 

342. What ia the efEect of decreasing the angular ad- 
vance? 

Ang. All tiie important functions of the valve occur 
later. 

343. What results follow from decieasing the travel of 
the valve? 

Ana. Less lead, a later admissioQ and release, and an 
earlier cut ofl and compression! 

344. What is meant by automatic or variable cut off? 
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Ane, A STstem io which foil boiler pressnre is confltaiitly 
maintained in the valve chest, the speed being regulated by 
the governor ctmtrolling the point of cut ofl. 

345. What is meant by fixed cut oil? 

Ans. When the point of cat off remains the same, re- 
gardlesB of the load, the speed being r^nlated by throttUng 
the steam. 

346. What three changes must be made in order to 
cause an earlier cat off on an engine that has a fixed cut ofl? 

Ans. Pirst — Increaee the angolar advance. Second- 
Increase the outside lap. Third — Increase the inside lap. 

347. What is the first step in valve setting? 
Ans. To place the engine on the dead center, 

348. What is meant by the dead center? 

Ana, When the piston is at the end of the stroke, and 
tiie centers of the crank shaf^ crank pin, and cross head 
pin are in line. 

349. What mie should be obsoired in taming an en- 
gine to place it on the dead center? 

Ans. Always torn it in the direction in which it is to 
ran. 

350. Why is this necessary? 

Ans. In order to guard against errors which mi^t 
result from lost motion in tiie parts. 

351. Earing placed the engine on the dead center, what 
is to be done next? 

Ans. Adjust the eccentric rod to the proper length ? 
362. What should be done with the valve before con- 
necting it with the eccentric rod? 
Ans. It should be placed at mid travel, and ma^ed. ; 
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358. What is neceeeary before the valve can be placed 
in its central position? 

An$. The exact amount of ontBide lap must be known. 

354. What amount of lead is usually given to the valve? 
4n>- From A in- to % in. depending upon the size of 

the engine. 

355. What is the function of the governor? 

Ana, To properly regulate the speed of the engine. 

366. Explain the action of a governor ? 

Ans. Its action is based upon the principle of the cen- 
trifugal, and centripetal forces, which came the balls or 
weights attached to the arms, to fly outward or inward as 
their speed of revolution increases or decreases. 

357. In what manner is this movement of the balls 
caused to regulate the speed ? 

Atu. In the pendulum or fly ball governor, the motion 
is transferred by means of levers and rods to the cut oS 
mechanism. In the shaft governor the changes in the 
position of the weights change the angular advance of the 
eccentric, thus causing an earlier or later cut off, according 
as the load is light, or heavy. 

358. In what way does the throttling governor regulate 
the speed of an engine? 

Ans. It controls the position of s valve in the steam 
pipe, opening or closing it according as the engine needs 
more, or less steam to maintain a regular speed. 

359. What is compresBiou ? 

Ant. If the exhaust port is closed by the valve, just be- 
fore the piston reaches the end of stroke, a portion of the 
steam will be entrapped in the cylinder, and being ahead 
of the piston will be compressed. 

360. Is there any advantage in tbisP '..oo^^li. 
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Ant. Yee. The eteam thtiB compressed acts as a cueh- 
ion for the piston, pteventmg shock or jar to the moving 
parte on reaching the end of the stroke. 

361. What is an adjustable cnt off? 

Ans. One in which the point of cut off ma; be adjusted 
by a hand wheel attached to the valve stem of a throttling 
governor. 
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362. What is abBolnte pressure? 

Ans. PreBsnre teekoned from a perfect TacuTim. 

363. What is gauge pressure P 

Ana. Pressure above atmospheric pressure. 

364. What is initial pressure? 

Ana, Pressure in the cylinder at the beginning of the 
stroke. 

366. What is terminal pressore? 

Ans, Pressure in the cylinder at the end of the stroke. 

366. What is mean effective pressure (M. E. P.) ? 
Ana, The average pressure acting upon the piston 

througbont the stroke. 

367. What is back pressure? 

Ans. Pressure tending to retard the forward stroke of 
the piston. 

368. What is absolute back pressure? 

Ant. Back pressure measured from a perfect vacuum. 

369. What is the ratio of expansion? 

Ans. The relative volume of steam in the cylinder at 
point of release, compared to volume at cut off. 

370. What is wire drawing of steam ? 

Ans. Kestricted passage of the steam caused by too 
small a st«am pipe. 

371. What is condenser pressure? 

Ans. Pressure existing in the condenser caused by the 
lack of Tftcuum. 



58 Steam Engineering 

372. What 18 racuum? 

Ans. That condition existing within a closed vessel from 
which all matter, including air has been expelled. 

373. What is absolute zero? 
Ans. 461.3° belov zero Fahr. 

374. What is piston displacement? 

Ans. The space swept throngh by the piston in a single 
stroke. 

376. What is piston clearance? 

Ans. The distance between the piston and cylinder head 
at the end of the stroke. 

376. What is steion clearance? 

Ans. The distance between the piston at end of stroke, 
and the valve face. 

377. What is a horse power (H. P.) ? 

Ans. 33,000 lbs. raised one foot in one minute of time. 

378. What is indicated horse power (I. H. P.) ? 

Ans. The hoi^ power as shown by the indicator dia- 

379. What is piston speed? 

Ans. The distance in feet traveled by the piston in one 
minute. 

380. Give the rule for figuring the horse power? 

Ans. Area of pisUin in square inchesXM. E. P.Xpiston 
apeed-H33,000. 

381. What is net horse power? 
Ans. I. H. P. minus engine friction. 

388. Define Boyle's law of expanding gases? 
Ans. Pressure at constant temperature varies inversely 
as the space it occupies. 

383. What h an adiabatic curve? 
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Aas. The curve of expanding gas that loses do heat 
while expanding. 

384. What ia an isothermal curve? 

Ana. The curve of an expanding gas of constant tem- 
perature, but influenced by moisture. 

385. What is an expansion curve? 

Ans. The curve traced upon the diagram by the indi- 
cator pencil. 

386. Define the first law of thermodynamics. 

Ans. Heat and mechanical energy are mutually con- 
vertible. 

387. What is power? 

Ana. The rate of doing work. 

388. What is the unit of work? 

Ana. The foot pound, viz., the raising of <me pound, 
one foot high. 

389. Define the first law of motion? 

Ana. All bodies continue either in a state of rest, or of 
uniform motion in a straight line, unless compelled by im- 
pressed foreea to change that state. 

390. What ia work, mechanically considered? 
Ana. FressureXdistance passed throughXtime. 

391. What is momentmn? 
Ans. MassXdensity. 
S92. What is dynamics? 

Ana. The science of moving powers. 

393. What ia force? 

Ana. That which alters the motion of a body, or puts 
in motion a body that was at rest. 

394. Define the maximmn theoretical duty of steam ? 
Ana. Mechanical equivalent of heatXtotal heat unite 

in a pound of steam? 



60 Steam Engineering 

395. How may steam efBciencj be expressed? 

Ans. Heat converted into useful work-hheat expended. 

396. How may engine efficiency be expressed? 

Ans. Heat cooverted into useful work-^total heat re- 
ceived in the steam. 

397. How may efficiency of the plant be expressed? 
Ans. Heat converted into useful work-i-calorific or heat 

value of the fuel. 

398. What is horse power constant? 

Ana. The power the en^ne would develop with one 
pound M. E. P. 

399. What is meant by steam consumption per H. P. 
per hour? 

Ans. Weight in pounds of steam used-^H. P. developed. 

400. What are ordinates as applied to indicator dia- 
grams? 

Ans. Parallel lines drawn at equal distances across the 
face of the diagram, perpendicular to atmospheric line. 



,;. Google 



Indicator 



401. What two important points are gained by the tue 
of the indicator? 

Ans. First — It shows the average pressure upon the 
piston tbronghont the stroke. Second — It shows the action 
of the valve or valves in admission, cut ofE and release of 
the steam. 

403. What is the first principle of the indicator? 

Ans. Pressure of the steam in the engine cjlinder dar- 
ing an entire revolution, against a small piston in the cylin- 
der of the indicator. 

403. What resistance is in front of the indicator piston? 
Ana. A spiral spring of known tension. 

404. What is the second principle of the indicator? 
Ans. By means of a multiplying mechanism of levers, 

the stroke of the indicator piston is communicated to a 
pencil moving in a straight line. 

405. What is the third principle of the indicator? 
Ans. By means of a reducing mechanism and cord, the 

motion of the ragine piston during an entire revolution is 
imparted to a small rotating drum, to vhich is attached a 
piece of blank paper. 

406. Hov is a diagram obtained ? 

Ant. The pencU is held against the paper and thus traces 
a diagram of the action of the steam within the engine 
cylinder. 

407. What is the atmospheric line? 
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Aaa. A line drawn b; the indicator pencil before com- 
mimication is established between engine cylinder and indi- 
cator cylinder. 

408. Where should a diagram frcnn a non-condensing 
engine appear relative to tbs atmoepheric line? 

Ana. It should appear above the atmospheric line. 

409. Where should the diagram from a condensing en- 
gine appear? 

Ana. Portly abov^ and partly below the atmospheric 
line. 

410. What is the best reducing motion to use? 
Ans. The reducing whe^ 

411. How is the indicator attadied to the engine cylin- 
der? 

Ana. By means of half-inch pipe tapped into the side of 
the cylinder near the ends. 

413. How are the springs numbered? 

Ans. They are made for varioos pressures, and ntim- 
bered accordingly. 

413. What IB a good rule to follow in selecting a spring? 
Ans. Select one numbered one-half as high aa the boiler 

pressure, which will give a diagram about two inches high. 

414. What data should be noted upon the diagrams 
when they are taken? 

Ans. Boiler pressure ; time viien taken, and which end 
of cylinder, head, or crank. 

415. What pressure moBt always be deducted from the 
mean forward pressure (M. F. P.) tn calculations for 
power? 

Ana. The back pressure. 

416. What bod effects follow unequal cat off? 
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Ans. The engine will not develop the power that it is 
capable of — uneven Btrains will be set up. 

417. What is a convenient size for a diagram? 
Ans. 1^ or 3 inches high, and 2 or 2^ inches long. 

418. What precaution regarding the pipe connectionB 
of the indicator ahould always be obeerved before taking 



Ans. They should be tiioronghly blown out, and cleaned 
of all dirt. 

419. How is the ratio of expansion found? 

Ans. Divide absolute initial pressure by absolute ter- 
minal pressure. 

420. Name a very important factor in the calculation 
of steam consumption of an engine. 

Ans. The clearance space. 

421. What is one of the first requisitea in power calcn- 
lations ? 

Ans. To ascertain the M. E. P. 

422. How is this done? 

Ans. In several ways, for instance by means of ordinates, 
or it may be obtained by the use of the Planimeter. 
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Lubricabon 

433. What is one of the most important problems con- 
nected with engine operation ? 

Ans. The proper lubrication of the bearings. 

4S4. What is friction? 

Ans. The resistance caused by the motion of a body in 
contact with another bodj that does not partake of its 
motion. 

425. What is the first law of friction? 

Ans, Friction varies in proportion to the preseure on 
tiie snrfaces in contact. 

4S6. Define the second law of friction. 

Ans. Friction is independent of the areas of surface in 
contact. 

427. What is the third law of friction? 

Ans. Friction increases with the roughness of the sur- 
faces, and decreases as the -surfaces become smoother, 

428. What is the fourth law of friction? 

Ans. Friction is greatest at the b^inning of motion. 

429. Give the fifth law of friction? 

Ans. Friction is greater between soft bodies than it is 
between hard bodies. 

430. When, and by whom were these laws first formu- 
lated? 

Ans. In 1831-33 by Gen. Arthur Morin, a French en- 
gineer. 

431. What ie the tendency of friction with machioeiy 
in operation? 

65 
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Ana. It tends to cause the parts to adhere to each other. 

432. How may this friction be largely obviated ? 
Am. By proper lubrication of the nibbing surfaces. 

433. Does friction aerre any good purpose? 

Ans. Yes, for instance the friction of the belt in con- 
tact with the rim of the pulley, also the friction of the 
driving wheels of a locomotive. 

434. How many kinds of friction are thCTe in connec- * 
tjon with machinery in operation ? 

Ans. Two, tIz., the friction of solids, and the friction 
of liquids. 

435. What is meant by the tenn co-efBcient of friction? 
Ans. The ratio of the power required to move a body, 

and the pressure on that body. 

436. What should be the object sought in the deei^ 
of engine bearings? 

Ana. To obtain as large a rubbing surface as possible. 

437. Mention some of the qualities that a good lubri- 
cating oil should possess. 

Ans. It should have a good "body" — must not dry or 
"gum ;" must not be easily thinned by heat, or thickened by 
cold. Must be free from all gritty substances. 

438. What is the proper kind of oil to nae on a bearing 
that has started to heat F 

Ans. Cylinder oil, owing to its hig^ fire test. 

439. Is graphite, or plumbago a good lubricant? 
Ans. It is in many cases. 

440. What is the essential function of graphite? 
Ans. It is an auxiliary, or accessory lubricant. 

441. Mention some of the points that govern interior 
lubrication of engine parts. 
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Ana. The conditionB of the Burf aces ; the steam preeaure ; 
the amoant of moistare in the steam ; piston speed ; weight, 
and fit of moving parte, etc. 

442. What properties should a good cylinder oil posaees? 
Ana. It muBt be of high flash test; must have good 

viacosity, or body when in contact with hot surfaces. 

443. Upon what does the successful lubrication of an 
engine largely depend? 

Ans. Upon the character of the lubricating appliances 
nsed. 

444. What system of lubrication for cylinders, and 
valves is most largely used ? 

Ana. The hydrostatic, or sight-feed type of lubricator. 

445. What other system has come into extensive use in 
bte years? 

Atu. The force feed, or mechanically operated oil pomp. 
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The Steam Turbine 

446. Explain the chief points of difEerence between 
the action of the reciprocating eteam engine, and the eteam 
tnrbine. 

Ans. The piston of the recipTocating engine is dtiven 
back and forth by the static expansive force of the steam ; 
while in the steion turbine, not only is this static expansive 
force made to do work, but the velocity of the steam in ex- 
panding from a high, to a low pressuie is also utilized in 
taming the rotor of the tnrbine. 

447. What other important factors enter into the operar 
tion of a steam turbine? 

An8. The principles of reaction and impulse. 

448. Name several of the more important advantages 
that the turbine has over the reciprocating engine. 

Ana. First, highly superheated steam of a high initial 
pressure may be ased in the tnrbine. Second, a larger 
proportion of the heat in the steam may be converted into 
work with the turbine. Third, there is much less friction 
with the tarbine. 

449. What is the most economical method of disposii^ 
of the exhaust steam from a turbine? 

Ans. By allowing it to pass into a condenser. 

450. Will the tnrbine expand the steam to as low a 
pressure as the reciprocating engine will? 

Ans, Yes, and even lower. 
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451. What ^pe of condensing apparatus is necessaiy 
with the steam turbine. 

Ans, The same kind that is naed on reciprocating en- 
gines. 

453. How low will a well regulated turbine allow the 
steam to expand ? 

Ans. To within one inch of the vacuum existing in 
the condenser. 

463. What is the theoretical velocity of steam under 
100 lbs. preasnre if allowed to discharge into a vacuum of 
28 inches? 

Ans. 3860 feet per second. 

454. How many ft. lbs. of energy would one cubic ft, 
of steam time exert? 

^119. 59,900 ft. lbs. 

455. What is the ratio of bucket speed to jet speed for 
impulse wheels. 

Am. Backet speed eqaals one-half of jet speed. 
466. What should be the ratio between bucket speed 
aod jet speed, for reaction wheels. 
Ans. 1 to 1. That is, the two speeds should be equal. 

457. What should be the form or cnrvatore of the 
blades, or buckets? 

Ans. They should be of such form as will permit expan- 
sion of the steam with tiie least amount of friction, or eddy 
currents. 

458. How are the stufBng boxes of steam turbines usu- 
ally kept cooled? 

Ans, By means of water applied in various ways. 

459. How ia the speed of steam turbines usually r«a- 
lated? 



Bteam Turbines 71 

Ans. By simple tbrottllDg. 

460. What are the ideal conditions under which a tor* 
bine should vorkP 

Ans. A full initial pressure, and all croBS sections of 
steam paasageH to be suitable to the power required. 

461. Of what type is the Westinghouse-Parsons turbine ? 
Ana. It is both an impulse and reaction turbine. 

463. How are the clearances bstween the blades pre- 
served in this turbine? 

Ans. By means of balancing pistons on the shaft 

463. What ie the usual veloci^ of the steam in the 
Weetinghoi^e-Farsons turbine? 

Ans. 600 ft. per second. 

464. How does the etSeiency of steam turbines compare 
with that of reciprocating engines ? 

Ans. It is generally higher. 

465. How is the heat energy in the steam imparted to 
tiie wheels of the Curtis turbine? 

Ans. Both by impulse and reaction. 

466. Describe the method of admis^on in the Curtis 
turbine. 

Ans. The steam is admitted througH expanding nozzles 
in which nearly all of the expansive force of the steam is 
transformed into the force of Telocity. The steam is caused 
to pass through one, two, or more stages of moving ele- 
ments, each stage having its own set of expanding nozzles, 
each succeeding set of nozzles being greater in number and 
of larger area than the preceding set. 

467. What is the ratio of expansion in these nozzles? 
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Ans. The ratio of expaneion within these nozzles dfr- 
pends upon the number of stages, as, for instance, in a two- 
stage machine, the steam enters the initial set of nozzles at 
boiler pressure, say 180 lbs. It leaves these nozzles and 
enters the first set of moving blades at a pressure of about 
15 lbs. 

468. In a four-stage machine, with 180 lbs initial pres- 
sure, what would be the pressures at the different stages? 

Ans. Rrst stage, 50 lbs.; Becond stage, 5 lbs.; tMrd 
stage, partial vacuum, and fourth stage, condenser vacuum. 

469. How are the revolving parts of the Curtis turbine 
supported ? 

Ans. Upon a vertical shat^ which in turn is supported 
by, and runs upon a step bearing at the bottom. 

470. How is this step bearing lubricated? 

Ant. Oil is forced nnder pressure by a steam or elec- 
trically driven pump, the oil passing up from beneath. 

471. How is the speed of the Curtis turbine regulated? 
Ans. By varying the number of nozzles in flow. 

472. How are the clearances adjusted in the Curtis 
turbine? 

Ans. By means of the large step screw at the bottom. 

473. How is the shaft packed to prevent steam leakage? 
Ana. With carbon blocks made into rings fitting the 

shaft. 

474. What type of turbine is the De Laval? 
Ans, It is purely an impulse wheel, 

475. What is the speed of the wheel? 

Ant. Prom 10,000 to 30,000 revolutions per minute. 

476. How is the heat energy in the steam utilized in 
the De Laval turbine? 

Ans. In the production of velotnty. 
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477. What is the velocity of the steam as it iiiues from 
the expanding nozzles and impinges against the backets P 

Ans. AboBt 4,000 ft. per second. 

478. What is the usual peripheral speed of the whsel? 
Ans. 1,200 to 1,300 feet per second. 

479. Of what type is the Allis-Chalmera steam turbine? 
Ana. It is essentially of the Parsons type. 

480. How are the clearances between the revolving and 
stationary blades preserved ? 

Ans. By a thmst bearing. 

481. What kind of bearings has the Allis-Chalmeia 
turbine ? 

Ans. Self-adjusting ball and socket bearings. 

483. What is the first move in preparing to start a 
steam turbine? 

Ans. Open the throttle slightly and allow a small vol- 
ume of steam to flow through in order to warm the ttuv 
bine. 

483. What should be done next? 
Ans. Start the auxiliary oil pump. 

484. What are the principal precautions to ha observed 
when starting a steam turbine? 

Ans. To see that the turbine is properly warmed, also 
to be certain that the oil is circulating freely through the 
bearings. 

485. What type of turbine is the Hamilton-Holzwarth 
steam turbine P 

Ana. It is an impulse turbine. 

486. Describe in brief its constmction? 

Am. There are no balancing pistons in tiiis machine, 
the axial thrust of the shaft being taken up by a thrust 
ball-bearing. The interior of the cylinder is divided into 
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a Beries of stages b; statioDar; discs which are set in 
grooves in the cylinder and are bored in the center to aUow 
the shaft, or rather the hubs «f the running wheels that are 
keyed to the shaft, to revolTe in this bore. 

487. In what respect does this turbine resemble a com- 
pound reciprocating engine? 

Ana. The steam is first admitted to tiie high presaare 
casing, aod from there it p^ses into the low pressure cas- 
ing, which is larger in diameter. 

488. Describe the action of the steam upon the blades? 
Ans. The expansion of the steam takes place entirely 

within the stationary blades, which also change the direc- 
tion of its fiow, distribnting it to the running vanea. 

489. What additional function do the stationary vanes 
perform? 

Am. They take the back pressnre, thus acting as balanc- 
ing pistons. 

490. What type of governor has this turbine ? 
Ant. The sprii^ and weight type. 

491. How are the bearings lubricated ? 

Ans. The oil is forced into the bearings nnder pressure 
by an oil pump. 

492. Of what type is the Bateau steam turbine? 

Ana. It is an impulse turbine having wheels of thin 
plates, slightly conical. 

493. How is the rotor balanced ? 

Ana. The same pressure exists on both sides of each 
rotating wheel. 

494. Does the steam act by velocity or pressure ? 
Ana. By velocity in this case. 

495. What are the essential features of the Beidler- 
Stumpf steam turbine? 
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Ant. The peculiar fonn of bucket, and tbe parallel 
reituni of the steam. 

496. What IB meant by parallel return of the steam? 
Aas. The Bteam enters the buckets through nozzles, 

and is deflected through an angle of 180 degrees, thus leav- 
ing the rotatiDg buckets in a direction parallel to that of 
its entrance. 

497. Describe the action of the steam within the Beid- 
ler-Stnmpf turbine. 

Ans. Instead of escaping after having once passed 
through the buckets, it is caught by the guides or stationary 
buckets and returned to the wheel ; this process being re- 
peated again, and again until all of the energy in the steam 
has been made to do work. 

498. How many types of this turbine are there? 

Ana. Two, viz.: The single flow, and the double flow. 

499. How is the highest efficiency obtained in the oper- 
ation of the steam turbine ? 

Ans. By allowing the exhaust steam to pass into a 
condenser. 

500. If) it possible to maintain as high racaum with 
the turbine as with a reciprocating engine? 

Ans. Experience demonstrates that a higher vacuum 
may be maintained in the condenser of a turbine than is 
possible with reciprocating engines. 

501. What kind of condensing apparatus may be used 
with steam turbines? 

Ana. Any one of the modem improved types. 

502. What is required in order to maintain a high 
vacuum in any type of condenser? 

Ans. That all entrained air be excluded. 

603. How may this be accomplished? ^ .oo'^lu 
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Atu, By means of a dry air pump. 

504. In what maimer does the dry air pomp differ from 
an ordinary air pump? 

Ana. The dry air pump handles no water, and the clear- 
ances are made as unall as possible. 

505. To what extent does the steam tnrbine expand its 
working steam? , 

Ana. To within one inch of the vacunm existing within 
the condenser. 

606. Ib the steam tnrbine adapted to the nee of saper- 
heated steam? 

Ant. It is. Highly superheated steam may be used, and 
a high vacuum maintained. 

507. Is the water of condensation from tarbines desir- 
able for boiler feed ? 

Ana. It ia, for the reason that it contains no lubricating 
oil, and is a comparatively pure water. 
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608. In what respect does the gas engine differ from the 
steam engine structurally? 

Ana. It la a mnch more ponderous machine than a steam 
engine of equal output, and usually requires a much heavier 
crank shaft. 

509. Why should this be? 

Ans. Because the ordinary four-stroke-cycle, gas engine 
has only one working stroke in four, and requires four 
fimes as mnch cylinder area for a given amount of wprk, 
as would a steam engine for the same work. 

510. Define the difference between a single acting four 
stroke cycle and a double acting or two stroke cycle gas 
engine in their operation. 

Ans. In the four stroke engine two revolutions of the 
crank are required for one cycle. In the double acting or 
two stroke, the cycle is completed in one revolution of the 
crank. 

511. Why are gas engine crank shafts made lai^er in 
proportion than those of steam engines? 

Ans. In order that they may withstand the increased 
torsional strains. • 

512. What causes the pressure behind the piston of the 
gas engine? 

Ans. The combustion within the cylinder of a charge 
of gas and air properly mixed to form an explosive, and 
admitted at the proper moment, 

513. When is this proper moment? 

77 
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Atu. When the piston ia at tiie end of its instroke 
ready to start outward. 

514. Define the stages of a four cycle engine. 

Ana. First, induction; during an out stroke of the 
piston, air and gas are drawn into the cylinder in the 
proper proportions. Second, compression; on the return 
stroke the piston compresses this combustible mixture 
into the clearance space. Third, explosion ; ignition of the 
compressed charge causes a rapid rise of pressnre and sub- 
sequent expansion of products. Fourth, expulsion; the 
expanded gases are expelled by the returning piston. 

515. Define the stages of a two cycle gas engine. 

Am. First, compression of the charge. Second, igni- 
tion, explosion, and expansion, and at the end of the 
stroke the expanded products are expelled, and the cylinder 
filled by another charge of air and gas tinder pressure. 

516. How many compression chambers are needed for 
the two cycle gas engine ? 

Arts. Two; for the reason that this type of gas engine 
requires two cylinders, either side by side, or tandem, and 
the charge of gas and air is being received in one cylinder, 
while the previous charge in the other cylinder is being 
compressed preparatory for explosion. 

517. How is the usefulness of the gas engine as a prime 
mover made apparent? 

Ans. By the fact that a suitable power gaa may now be 
produced from almost any kind of commercial fuel. 

618. What are the relative volumes of gaa and air re- 
quired for combustion in a gas engine? 

Ant. This depends upon the kind of gas. Natural gaa 
requires 10 to IS cu. ft. of air per cubic feet of gaa, while 
producer gas requires equal volumes of gas and air. 
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R19. Is blast fnrn&ce gas suitable for fuel gas? 
Ans. Yes, because it is slow burning, thus penoitting 
high compression. 

620. To what pressures may it be compTeBsed? 
Ana. 160 to 200 lbs. per sq. in. 

621. Is tbe>% as much heat in a given volume of blast 
furnace gas as in the same volume of natural gas ? 

Atu. No, there is about 40 per cent less. 
532. How is the charge of gas and air drawn into the 
cylinder of a gas engine? ' 

Ana. By the suction of the piston. 

623, What precaution should be observed regarding 
the admission of the air and gas? 

Ans. The air should be pure and free from ^ust, and 
the gas should not contain tarry matters if it can be 
avoided. 

624. How are the indnction valves usually set? 

Ans. So that the first portion of the charge is air only, 
then air and gas, and finally air with a small quantity of 
gas. 

525. How is the air Talve controlling t^e entry of the 
entire charge adjusted ? 

Ans. It is set to open well in advance of the inner dead 
center of the engine, and is kept from closing until after 
the outer dead center. 

526. Why is this valve so set? 

Ans. In oi'der that the full efiect of the momentum 
imparted to entering gases at the highest rate of piston 
speed may be utilized. 

B27. Upon what does the allowable compression pres- 
gare depend? 
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Ana, Upon the relative proportions of hydro-carbon 
gases, and hydrogen contained in the mixture. 

588. What per cent of hydrogen is considered within 
the limits of safety? 

Ana. Not OTer t per cent. 

639. What are the nsaal compression pressures carried 
with blast furnace gas? 

Ans. 300 lbs. per sq. in. 

S30. What pressure may be safely carried when pro- 
ducer gas is used ? 

Am. From 150 to 200 lbs. per sq. in. 

631. If illuminating gas is used, what is the maximxiin 
safe pressure? 

Ans. ISO lbs. per sq. in. 

533. How is the cylinder cooled and cleaned? 

Ana. By the injection of water or cold air through 
the clearance spaces, and valve ports during the charging 
stroke, or by preBsore during compression. 

533. What other methods are available for cooling flie 
cylinder and piston rod F 

Ans. By means of a wat«T jacket that surrounds the 
cylinder. The piston rod may be hollow and water cir- 
culated through it. 

634. How is the charge of gas and air ignited? 

Ana. Formerly by hot tubes of porcelain or hecnnm, 
which are still used to some eitent, but at the present day 
electrical ignition devices are used principally. 

635. What kind of electrical devices are used for this 
purpose? 

Ans. Primary batteries, storage batteries, and magneto 
machines, or the current may be taken from the lighting, 
or power circuit. 
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536. How many typea of primary batteries are in com- 
mon use? 

Afw. Two — Dry and wet batteries. 

E37. What are the elements commonly uaed in the wet 
battery? 

Ans. Carbon and zinc immersed in a Jar or cell con- 
taining a solution of sal ammoniac, or sulphate of copper. 

538. Describe the copper oxide battery. 

Ans. It consists of a plate of copper oxide, and a zinc 
plate, both being immersed in a solution of caustic potash. 

539. What is the usual voltage of these cells? 
Ane. Prom 1 to 2 volts per cell. 

540. Describe in brief the constmction of the storage 
cell? 

Ans. It conBists of gridded frames of lead, part of which 
are filled with red lead for the positive plates, and those for 
the negative plates are filled with litharge, all being im- 
mersed in a solution of 6 parts of water to 1 part of sul- 
phuric acid. 

541. How is a dry battery made? 

Ans, A round zinc case forms one of the elements, and 
a piece of carbon in the center of the case forms the other 
element. 

548. Are there any other ingredients? 

Ans. Yes — A mixture of powdered manganese, carbon, 
and flour is packed around the carbon, while the rest of the 
can is filled with a plaster mixture of oxide of zinc and 
flour, and the whole is soaked in a solution of sal ammo- 
niac and zinc chloride, 

543. In what manner does the electric current ignite 
the charge- of gas in the cylinder? "^^ 
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Ans. By meam of the jump spark caused by alternately 
making and breaking the circuit. 

541. What ie one of the most important featureB con- 
nected with ignition? 

Ans. To Bee that ignition occurB at the proper moment 

545. At what point in the stroke of the piston should 
ignition occur? 

Ana. TMb depends upon the quality of the gas used. 
With the maximum allowable percentage of hydn^en, igni- 
tion should not occur until after the piston has passed the 
inner dead center. Otherwise the result will be violent 
shocks, and strains upon the working parts. 

546. Do high initial explosions create the most powerful 
efforts behind the piston? 

Ans. They do not. 

647. What are the usual terminal pressures for gas 
engines? 

Ans. 35 to 30 IbB. above atmospheric pressure. 

548. How is the horse power of a gas engine calculated ? 

Ans. TTsually from the same formula used in connec- 
tion with the Bteam engine, and the computation is based 
upon the mean efEective pressure developed at each ex- 
plorioii. 

549. What percentage of the total calorific value of 
the coal is usually converted into useful work with the 
steam engine? 

Ans. Prom fi to 10 per cent. 

550. What percentage of the enei^ contained in the 
fuel is it possible to utilize with a modem gas-driven unit? 

Ana. From 16 to 80 per cent. 

551. How many type of apparatus are in use for the 
production of gaa for power ? 
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Ant. Three: the suction producer, Qie steam presBure 
producer, aad the induced down draft producer. 

553. What kind of fuel must be used in the suction, 
and steam preesure producers? 

Am. Coke, or anthracite coal. 

553, What kind of fuel is the induced down draft pro- 
ducer adapted for? 

Ans. SituminouB coal. 

554. How may gas engine efBciencj he ezpressed ? 
Ans. In terms of heat valne, 

655. Is there any difference of importance between a 
gas engine, and a gasoline or oil engine ? 

Ans. None of any importance. A gas engine may be 
easily converted into a gasoline engine, or vice versa. 

556. Wherein lies the principal difference between the 
two kinds of engines? 

Am. In the gas engine proper the gas ia supplied to 
the cylinder by the producer. In the gasoline engine the 
gas is generated within the cylinder, from a. charge of 
gasoline. 

557. How may the action of the gas within the cylinder 
of a gas engine be ascertained ? 

Ans. By means of diagrams taken with an indicator. 

558. Is there any difference between a steam engine in- 
dicator, and an indicator adapted for gas engines? 

Ans. None in principle. The gas engine indicator is 
made somewhat stronger owing to the high pressures used. 
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Air Compressors 



559. What is one of the results of compressing air? 
Ans. The development of heat. 

560. What amount of work U lost by the development 
and dissipation of this beat? 

Ans- The work represented by the mechanical equiva- 
lent of the heat developed. 

561. Mention another cause of more or less lost work 
in air compression? 

Ans. Friction of the air in the pipes through which it 
is conveyed. 

562. By what two methods is air compression generally 
accomplished ? 

Ans. Isothermal, by which the heat of compression is 
carried away as fast as developed ; and adiabatic, by which 
no beat ia removed from the air. 

663. Which of the two is the ideal method of ccnn- 



Ans, The isothermal. 

664. Is it possible of attainment? 

Ans. Not entirely. 

565. What may be said of the adiabatic method? 
Ans. It is one which should be avoided as much as 

poesible. 

566. What are the actual results aecnied in the best 
compressors? 

Ans. They are intermediate between the two meth- 
ods jnat mentioned, but nearer to the second method. 
86 
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567. Upon what does the efficiency of an air compres- 
eor depend principally? 

Ait«. Upon the effectiveness of the cooling devices. 

568. How many practical methods of removing the 
heat of compression are there? 

Ana. Two — ^jacket cooling, and intercooling. 

669. Is jacket cooling of the compressor-cylinder ef- 
fective F 

A7a. Not entirely, except with Bingle-etage compres- 
sion. 

570. What is an intercooler? 

Ans. It is a cooling device interposed between tiie 
cylinders of a compound or multi-stage machine, through 
which the air passes on its way from one cylinder to 
the next one. 

571. Describe the process of compression by the multi- 
stage method? 

Ana. A multi-stage compressor has two or more cylin- 
ders, the intake or low pressure cylinder being the lar- 
gest in diameter, and in which the air is first compressed 
to a low pressure, and then passed on into the next cylin- 
der which is of smaller diameter, where the air is com- 
pressed to a still higher pressure, and so on in increasing 
ratio. 

573. How should the cylinder ratios be proportioned 7 

Ans. So that the M. E. F. and the final temperature 
are equal in all the cylinders. 

573. Describe the construction of an intercooler? 

Ana. It usually consists of a nest of tubes tirongh 
which cold water circulates, and between which Ihe s 
of air passes. 
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574, WhicH method, eingle-stage, or mttlti-stage, ap- 
proaches nearest to the theoretical ideal? 

Ans. The multi-Btage, with intercoolers. 

575. Mention another point in favor of multi-stage 



Ans. It permits a higher piston speed, thna econo- 
mizing in steam. 

676. What is one of the greatest difficulties encoun- 
tered in air power transmission ? 

Ans. Freezing of the moisture in the air, either in 
the pipe line, or at the exhaust ports of the air motors. 

577. How may this condition be avoided to a large 
extent? 

Ans. By the proper cooling of the air during compres- 
Bion, which will precipitate the moisture, which may then 
be withdrawn by drain pipes. 

678. What would be the resultant temperature of air 
compressed from atmospheric pressure, and 60° Fahr., to 
a £nal pressure of 100 lbs., provided there was no coolii^ 
device ? 

Ans. 484° Fahr. 

579. What effect would this have upon the cylinder 
lubricant ? 

Ans. It would be burned, and be useless. 

580. What would be the temperature of the same 
volume of air if compressed in the first, or intake cylinder 
of a nmlti-stage machine to a pressure of 25 lbs. ? 

Ans. 333° F^r. 

581. If passed through an intercooler on its way to 
cylinder No. 2, what would its temperature be? 

Ans. It would be brought back to its original tem- 
perature of 60° Fahr. and enter the second cylinder under 
a pressure of 25 lbs. ' 
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582. What vould the temperature of the Bame air be 
if compreesed in cylinder No. 3 from 35 lbs. to 100 Ibe. 
preBBure ? 

Ans. It would be but little in ezceas of that attained 
in the first cylinder, viz., 333" Fahr. 

583. Why would it not attain the temperature stated 
in the answer to question 578, viz., 484" Fahr.? 

Ana. Because the heat of eompresaion is a function of 
the number of compressions, and practically independent 
of the initial pressure. 

684. Why is air compresBion at high altitudes more ex- 
pensive than at sea level? 

Ans. Because the capacity of the compressor decreases 
in a greater ratio than does the poww necessary to com- 
press. 

585. At an elevation of 10,000 ft above eea level, 
what is the increase in expense ? 

Ans. Over 30 per cent. 

686. What should be the first care in the installation 
of an air compressor P 

Ans. To provide a suitable foundation. 

587. What precaations should be observed in the pip- 
ing? 

Ans. First, there should be as few L's as possible, and 
second, all pipes should be thoroughly cleaned before start- 
ing the compressor; third, allowance should be made for 
expansion. 

588. What is the function of the unloader on the In- 
geiBoU-Band air compressor? 

Ans. To take the load off the air piston when the pres- 
sure reaches the desired point. 

689. What ia the function of the relator? 
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Ana. To regnlate the supply of steam to the steam 
end of the compressor. 

590, What lype of air inlet valves is this compressor 
equipped with? 

Ans. Piston inlet valves. 

591. Describe the action of these valves? 

Am. The air enters and passes through the piston, tbiis 
tending to keep it cooled. 

593. What is the function of tiie Mason ptunp gov- 
ernor, with which some air compressors are equipped ? 

Ans, To maintain a constant speed regardless of the 
load. 

593. What kind of inlet valves is the Dallett air com- 
pressor fitted with? 

Ana. Either mechanically operated valv^, or auto- 
matic poppet valves, as desired. 

594. With what type of valves are the Allis-Chalmers 
air compressors usually equipped? 

Ans. Eotary valves for the inlet, and single-beat poppet 
valves for the discbarge. 

695. How are the inlet valves operated? 

Ans. By an eccentric on the main shaft, and a wrist 
plate. 

596. What other type of valve-gear are some of these 
compressors equipped with ? 

Ana. Both inlet, and discharge valves are actuated by 
independent eccentrics on the main shaft. 
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Refrigeration 



597. Of what does the process of refrigeration consist ? 
Arts. In the abstraction of heat from a substance. 

598. Describe a freezing mixtnte that will give a tem- 
perature of 67 degrees below zero. 

Ajis. a mixture of one pound of calcium chloride, and 
0.7 lbs. of snow. 

599. Upon what are the theory, and practice of mechan- 
ical refrigeration based? 

Ans. Upon the two first laws of thermo-dynamics. 

600. What is the first of these laws? 

Ans. Mechanical energy and heat are mntnally coa- 
vertible. 

601. Define the second law. 

Ana. An external agent is necessary to complete or 
bring about this transformation. 

602. Is heat generated by compression, or by any other 
means? 

Ans. It is not generated but developed, because there 
is a fixed amount of heat in the universe which can neither 
be increased nor diminished. 

603. What is the result of compressing one pound of 
air at 70 degrees temperature and at atmospheric pressure, 
to one half its original volume? 

Ans. An increase in its static pressure, also an increase 
in its temperature. 

604. In order that the higher pressure may be main- 
tained, as the temperature is reduced, what la necessary ? 

91 
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An*. A small addition&l quanti^ of air will have to be 
forced into the compressor cylinder. 

605. If the pound of compressed air be allowed to ex- 
pand in a cylinder what will be the lesult F 

Afu. A portion of the heat developed by compression 
will be ^Ten np, 

606. What can be said of the mecbanical work done 
by this air in its expansion? 

Ant. In amount it is exactly the same as that done upon 
it daring its compression. 

607. How is the temperature of a body or substance 
reduced? 

Antk (By transferring more or less of the beat con- 
tained in the body to some other substance or body. 

608. What work is demanded of a refrigerating ma- 
chine? 

Ans. To extract heat from a body, and by the expendi- 
ture of mechanical energy to sufficiently raise the temper- 
ature of this heat to admit of its being carried away by a 
suitable external agent, usually water. 

609. How may a refrigerating machine be defined, and 
what is its main function ? 

Ang. As a heat pump, its main function being the 
abstraction of heat from the body to be cooled, and trane- 
ferring that heat to a cooling agent. 

610. How may the various devices for refrigeration and 
ice making be classified? 

Ans, Under five principal heads. 

611. Explain the action of apparatus belonging to 
class one. 

Ana. Heat is abstracted from the body to be cooled, 
by the dissolution or liquefaction of a solid, as for instance 
the cooling of water with ice. 
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618. DeBcribe the vacuum system? 

Ana. The abstraction of heat ia effected by the evapora- 
tion of a portion of the liquid to be cooled, the process 
being assisted by an air pump. 

613. How is refrigeration effected in machines belong- 
ing to the third class ? 

Afis. By the evaporation of a separate refrigerating 
agent, which is subsequently restored to its original physi- 
cal condition by mechanical compression and cooling. 

614. Describe the fourth or absorption system. 

Ans. Heat is abstracted by the evaporation of a sepa- 
rate refrigerating agent, under the direct action of heat, 
which agent again enters in solution with a liquid. 

615. Describe the action of machines belonging to the 
fifth class, known as cold air machines ? 

Ant. Air, or other gas is first compressed, th^i cooled, 
and afterwards permitted to expand while doing work. 

616. What two systems have come into general use in 
the United States? 

Ana. The ammonia compresaion system, and the am* 
monia absorption system. 

617. What are the three distinct stages in the com- 
pression ^stemP 

Ans. Compression, condensation, and expansion, 

618. What is the refrigerating agent or medium used 
in the compression system? 

Ans. Anhydrous ammonia. 

619. Of what does ammonia consist, and what is its 
chemical formula? 

Ant. One part of nitrogen, and three parts of hydro- 
gen. Its chemical formnla is NH,. 

6S0. Tinder what two conditions may gaaeous anraionia 
be liquefied? ^, 
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Ant, At a presBure of 128 lbs. per sq. in., and a tem- 
perature of to" Fahr., or a presBure of 150 Iba. and a tem- 
perature of 77° Pahr, It may also be liquefied by cold if 
its temperature be reduced to 85.5° Fahr, below zero. 

631. To what preBBure is gaseous ammonia usually 
compressed? 

Ans. From 185 to 175 lbs. per sq. in. 

632. Of what does a compression plant consist? 

Ans. Of a high pressure system made up of a condens- 
ing coil surrounded by cooling water, and a low pressure 
system consisting of an evaporating coil Burroiinde4 by 
brine, or open to the room to be cooled, 

623, What takes place during compreBsion? 

Ans. The latent heat of the vapor is converted into 
active, or Benaible heat. 

634. How is the vapor condensed, or liquefied? 

Ans. It is forced into and through the condenser coils 
which are submerged in a body of cold water, or over which 
cold water is flowing, and the Bensible heat developed dur- 
ing compression is thus transferred to the cooling water. 

626. How are the refrigerating qualities of the am- 
monia in its liquefied state utilized? 

Ans. It is allowed to pass in small quantities from the 
condenser into pipe coils placed in the rooms to be cooled, 
when it again expands into a vapor, and takes up an 
amount of heat exactly equivalent to that given up daring 
condensation, 

626. After being expanded into vapor, what becomes 
of it? 

Ans, It is drawn back into the compressor, again com- 
pressed, condensed, and expanded, the cycle of operations 
being repeated indefinitely. 
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627. How many, and what are the syBtems of refrigera- 
tion by cmapreBsion ? 

Ana. Two — the wet system, and the dry. 

638. Describe tlu theory of the wet systera. 

Ant. The ammonia vapor is cooled by the injection 
into the compressor cylinder of a small qnaatity ef liquid 
ammonia at the beginning of each stroke, and It is carried 
from the cooling room back to the com]H«ssor in a sat- 
urated state. It is thus kept in contact with a small por- 
tion of its originating Suid, and is kept comparatively cool. 

6S9. Upon what does the pressare of slMm in a boiler 
depend? 

Ans. Upon its temperature, which is alwfffa tbe Mme as 
that of the water in the boiler. 

630. What are the relations of teraperatare and pres- 
Bure in the case of steam while in contact with the originat- 
ing water? 

Ans. They are interdependent. 

631. What is the result if tJie steam is superheated? 
Ana. It may still be of the same pressure, but its tem- 

peratare wiU be higher. 

633. What results from the compression of a dry gas 
without cooling? 

Ans Its temperature may be much higher than that 
corresponding to its pressure. 

633. What does the Adiahatic curve as traced by the 
indicator represent? 

Ans. The compression, or expansion of a gas without 
loss or gain of heat. 

634. Describe in brief the construction of the cylinder 
heads, and Talves in the Linde ice machine. 
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Ana. The piston and cylinder heads are spherical, and 
of the same radios, and the valve diace conform to this 
radius. 

635. What is the clearance between piston and cylin- 
der head P 

Ana One thirlj-second of an inch. 

636. How is the piston lubricated? 

Ana. Id a large measure by the moisture in the am- 
monia vapor. 

637. In the De La Yergne refrigerating machine how 
is the heated gas cooled? 

Ana. By passing it through coils of pipe rarronnded 
by running water. 

638. How many valves has the Triumph ice machine? 
Ana. Five, three snction valves, and two discharge 

valves. 

639. What advantage is said to be gained by tiie nae 
of the third suction valve? 

Ana. That it tends to increase the econcony of the ma- 
chine. 

640. Describe the construction of a donble pipe am- 
monia condenser. 

Ans. It consists of two series of cqiIs, one within the 
other. 

611. How many methods are there of utilizing refrig- 
eration? 

Ana. Two ; the brine system, and the direct expansion 
system. 

642. Describe in brief the brine system. 

Am. The coils of pipe in which the ammonia is ex- 
panded aw submerged in a solution of salt, or calcium 
chloride. This brine after being reduced to a low temper*- 
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tore ia pumped through coils of pipe in tiie roome to be 
cooled. 

643. Describe the direct expansion system. 

Afis. The expansion coils are placed in the rooms to be 
cooled, and the cooling is effected directly by the expansion 
of the ammonia. 

644. Which one of the two systems is the most efficient? 
Ans. The direct expansion system. 

645. Mention a few of the adrantages that this system 
has over the brine system. 

Ans. First — All intermediate agencies are dispensed 
with. Second — The whole plant is much simpler. Third 
— A lai^r expansion surface. 

646. By what two systems is ice made or manufactured? 
Ant. The can system and the plate system. 

647. Mention other refrigerating agents besides am- 
monia that may be used in the compression system ? 

Ans. Ether, methyl-chloride, sulphurous acid, and car- 
bonic acid. 

648. How is refrigeration effected in the absorption 
system? 

Ans. By the continuous distillation of ammoniafial 
liqaor. 

649. What advantage appertains to the absorption, 
system? 

Ans. The bulk of the heat required for the work is 
applied direct without being transformed into mechanical 
power. 

650. What presBore is usually maintained in the gen- 
erator? 

Ans. 160 lbs. per sq. in. 

651. Mention the more important features of the ab- 
sorption machine? ,, 
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Ans. The expaosion valve, the absorber, and the 
strength of the liquor. 

653. Upon what does the efficiency of the machine 
mostly depend? 

Am. Upon the condition of the absorber. If it is cool 
and free from air, or poor gas, better rcBolts will be 
realized. 

653. What should be done if one side of the absorber 
should get warmer than the other? 

Ana. The spray valve should be turned down sli^tly, 
say one-eighth of a turn. 

654. Mention one of the troubles in the operatiou of 
this system. 

Ajis. A filling up of the coils with scale and dirt. 

655. What is the remedy in such cases? 

Ans. Stop the machine once a week, drain the coils, and 
blow them out with compressed air. 

656. How is anhydrous ammonia formed ? 

Ans. By condensing ammonia gas to a liquid, and 
applying pressare. 

667. Under atmospheric pressure, what is the boiling 
point of anhydrous ammonia F 

Ans. 38.5 degrees delow zero Fabr. 

658. What is the specific gravity of liquid amm<»ua 
compared with water? 

Ans. At 32° Fahr. it is about % that of water, or 
0.6364. 

659. What is its latent heat of evaporation? 

Ans. At 33 degrees temperature it is 560 thermal units. 

660. If evaporated at 32° Fahr. and atmospheric preft- 
Bure, how m^uch space will one pound occupy? 

Atu. Twenty-one cubic feet. 
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661. What ftTfl the eesential parts of the Otis tractioD 
elevator? 

Aru. A traction motor driviiig Bheave, and a pair of 
electrically released brake shoes. 

668. What type of electric motor is oead in the Otis 
tractioQ elevator? 

Ans. A dow speed sfannt-wound motor. 

663- What is the principal ftmction of the armature 
ehaft besides carrying the armature? 

Ana. To support the load. 

664. How, then, is the dram, or sheave driven? 
Ana. By means of projecting arms from the armatnre, 

that engage with similur arms projecting from the dmm. 

665. Describe the syatean of eafe^ devices with which 
this elevator is equipped P 

Ans. There are two groups of switches located respec- 
tively at top and bottom of the shaft, each switch in series 
being opened one after the other by the car as it passes. 
This retards the speed and finally brings the car to stop, 
applying the brake, independent of the operator in car. 

666. Are there any other safeties besides this? 

Am. Tes — speed governors, wedge clamps for gripping 
the guides, and potential switches. 

667. Describe in general terms the construction of the 
Otis geared traction elevator? 

Ans. A multi-grooved driving sheave around which the 
cable works. The sheave is mounted upon a shaft driven 
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by geared wheels actuated by a rigbt and left Hand worm 
ci]t on the armature shaft. 

668. What advantage is gained by the use of the doable 
screw, or worm ? 

4ns. The elimination of all end throBt 

669. With what kind of brake is this machine equipped? 
Ana. A mechanically applied, and electrically released 

brake. 

670. What type of motor is used? 

Ane. Componnd-wound — speed 800 B. P. M. 

671. When ia the series field of this motor used? 
Ana. Only at starting. 

673. Why? 

Ana, To obtain a highly saturated field in the shortest 
possible time. 

673. How is a gradual slowing down of speed of car 
obtained with this elevator? 

Ans. By throwing a low resistance field across the ar< 
mature, thus providing a dynamic brake action. 

674. What kind of current ia used for operating elec- 
tric elevators? 

Ana. fUther alternating, or direct current. 

675. How is the transmission of current to the motor 
of an electric elevator controlled? 

Ans. By means of an electric magnet controller op- 
erated through the switch in tiie car. 

676. How may considerable power be wasted in the 
operation of electric elevators? 

Ans. By carelesa handling — ^making unnecessary stops 
and starts, or too sudden stops or starts. 

677. Briefly, of what does the mechaniam of a hydraulic 
elevator coniiit? 
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An». A cylinder and piston with one or more rods coQ- 
nected to a croBsIiead which carri^ the sheavea over which 
ran the lifting cables from which the car is anspended. 

678. What moves the piston? 

Am. Water nnder preasare admitted by means of snit- 
able valves causes the piston to move from one end of the 
cylinder to the other, and back again. 

679. How is this motion transmitted to the elevator 
car? 

Ans. By means of the sheaves moonted on the ctoes- 
head which carry the lifting cables. 

680. In what position is the cylinder placed ? 

Ans. Either vertical alongside the hatchway, or hori- 
zontal in the basement of the building. 

681. How are the valves of a hydraulic elevator op- 
erated? 

Ans. In some cases by a hand rope passing through 
the car and over small sheaves at the top and bottom of 
the hatchway, and connected with the main valve in the 
basement By puDing this rope down the valve is opened, 
and the car will ascend, while pulling the rope up will 
cause the car to descend. 

682. What safety devices are attached to this type of 
elevator? 

Am. Two balls are attached to the hand rope, one near 
the bottom, and the other near the top. These balls come 
in contact with the top, or bottom of the car, according 
as it is going up or coming down, and being carried along 
they, of course move the cable, thus actuating the valve, 
bringing the car to a stop. 

68^. Is this device safe, and automatic? 

Atu. It is. o'olu 
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684. Mention another eafet; device connected with 
hydranlic elevators. 

Ana. Safety damps under tlie control of a gpeed limit 
centrifogal governor which caoses the clamps to grip the 
guides and tims hold the car. 

686. How is this safety governor operated? 

Ana. By meima of a small cable ccamected with the car 
and moving with it, which passes over the sheave pulley 
of the governor. 

686. Why are some elevator pistuis fitted with two pis- 
ton rods? 

Ans. To prevent the piston, and crosshead from tnni- 
ing or twisting, and also to strengthen the «mstniction. 

687. What other methods are used im maaipulating 
the water v^ve, besides the one already described? 

Ans. Roiming ropes, and standing ropes, either of 
which may be operated by means of a lever, or whed in 
the car. 

688. Do these devices directly operate the main valve? 
Ant. Ko. They operate a small valve called the pilot 

valve. 

689. What is the function of the pilot valve? 

Ans. When opened it admits the pressure water to a 
small cylinder with piston connected to the main valve 
stem. This actuates the main valve, which in turn, by its 
movement, closes the pilot valve. 

690. Upon what does the amount of opening ^ven the 
pilot valve, and consequently the main valve depend? 

^fw. Upon the distance the lever in the car is moved 
from central position. 

691. What is meant by central position of lever? 
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Aru. That position in whicti there is no flow of water 
athw into or out of the cylinder, and the car is moving 
only by its momentum. 

699. What IB the resnlt of moving the lever too qnic^y 
to central position when the car is moving at a high 
rate of speed F 

Ans. The moticm of the cat will be arrested with a 
sudden jeik. 

693. How many kinde of horizontal hydraulic elevators 
are in nseF 

Ant. Two. One is the pushing, and the other the 
pulling type. 

694. Describe the action of the pushing type? 

Ant. The car being at the bottom, the pressure water 
is admitted behind the piston which then moves, pxishing 
the crosshead and cable sheave and lifting the car. 

695. Describe the action of flie pulling type? 
Ans. It is the opposite of that just described. 

696. Is there much difference in the valve mechanism 
of the horizontal, and vertical types of hydraulic elevators? 

Ans. Veiy little except a few minor details. 

697. What is meant by a double-deck machine? 

Ant. Where the floor space is restricted two, and some- 
times three or four madiines are mounted one above the 
other. 

498. What water pressure is usually carried in operat- 
ing the types of hydraulic elevators that have hitherto 
been described? 

Ane. PresBures not exceeding 800 lbs., the average being 
160 lbs. per square inch. 

699. Axe any higher pressures than this being used for 
operating hydraulic elevators? 

An». Yes. Pressures of 700 to 800 lbs. and higher. 
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100. Why are snch high pressuree nsed ? 

J.ns. Owing to increased height of buildings, and tiia 
demand for high car speed. 

701. What advuitage, other than high speed, is gained 
by the use of high piessare eleratora? 

Aos. A reduction in the size of the valre mechanism, 
piston areas and piping. 

70S. Mention another advantage in connection with 
the high pressure system? 

-Ins, A reduction in the loss by friction of the water ' 
passing through the pipes, owing to reduced areas. 

703. What is the percentage of loss due to this cause? 
Ans. In low pressure machines from 10 to 30 per 

cent, and in high pressure machines from 5 to 6 per cent. 

704. Describe in general terms the construction of the 
cylinder and piston of a high pressure machine, 

Ans. The cylinder area is reduced to about one-eighth 
that of the low pressure type, and the piston is a solid 
plunger. 

705. How is the pressure maintained? 

Ans. The pump forces water into the lower end of the 
accumulator, an air-tight tank, which is also weighted. 
From the accnmalator a pipe runs to the main valve. 

706. Describe in general terms the construction and 
operation of the direct-acting plunger elevator. 

Ans. A cylinder is set vertically in the ground under 
the center of the car, and the length of it is slightly 
greater than the travel of the car. In this cylinder is a 
plunger of the same length, which carries the car. Water 
under pressure is forced into the cylinder and thus lifts 
the car, and allowed to run out at the top when the car 
descends. The cylinder is about two inches larger in dia- 
meter than the plunger, and is always full of watw. 
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707. What is the usual diameter of the plunger F 
Ans. 6^ to 7 inches. 

708. How is it constructed? 

Ans. Of lengths of highly polished steel pipe, joined 
t(^ther with an internal sleeve, and having its lower end 
closed. 

709. What pressure is ordinarily used on this type of 
elevator ? 

Ans. 150 to 200 lbs. per square inch. 

710. How is the top of the cylinder arranged? 

Ans. With a packing gland through which the plunger 
moves up and down. 

711. What types of elevators are in general ose for 
passenger service? 

Ans.- Electric and hydraulic. 

712. How is the capacity of a pump usually expressed? 
Ans. In gallons of water per minute raised to a given 

height. 

713. What is meant by the head under which a pump 
works? 

Ans. The vertical distance between the surface of the 
water in the suction reservoir, and that in tiie discharge 
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Electricity for Ejigineers 

714. "What ie electricity? 

Arts. Electricity is an inviaible agent. Its exact na- 
ture is not very well known, although the laws govern- 
ing its action, the methods of controlling it, and the ef- 
fects pTodnced by it are becoming well known. 

715. Is it correct to use the term quantity with refer- 
ence to electricity ? 

Aiw. It is. We may use terms to designate deiinite 
quantities of electricity, passing through a conductor, in the 
same way that we speak of gallons of water flowing through 
a pipe. 

716. Is it proper to asanme that there are large ^u^ti- 
ties of electricity stored for future use, in a manner gimilar 
to water? 

Ans. It is not, except in a limited sense, as in storage 
batteries. 

718, Define the doctrine of the conaerration of energy. 
Ans. The total quantity of energy in the universe is 

unalterable. When energy is expended, or disappears in 
one form, it must reappear in another form. 

719. In accordance with this doctrine, what would be 
the proper term to apply to electricity with reference to 
the physical requirements of man ? 

Ans. It is a usefn! agent for the rapid transmission of 
stored up energy in fuel, water falls, etc. 

730. What is the practical unit of quantity used in 
speaking of electricity? 

107 
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Ans. The coulomb. It is that quantity of electricity 
that vould pass in one Becond tbrongh a circuit carrying a 
current of one ampere. 

731. What ifl an ampere? 

Ans. It is the nnit of volume, or rate of flow. A cur- 
rent of one ampere will flow through a circuit whose re- 
eistand; equals one ohm, whai the electro-motive force, or 
pressure behind it equals one volt. 

7S8. What is a volt? 

Ans. The volt is the unit of electro-motive force, and 
repreaente a pressure that will cause the flow of one am- 
pere through a circuit in which the resistance equals 
one ohm. 

723. What is an ohm? 

Am. The ohm is the practical unit of electrical resist- 
ance. It is that amount of resistance that would limit the 
flow of electricity under an electromotive force of one 
volt, to a current of one ampere, or to a discharge of 
one coulomb per second. It equals the resistance of a 
column of mercury one sq. millimetre in area of cross sec- 
tion, and 104.9 centimetres in length. 

734. What is the unit of work? 
Ans. The foot pound. 

735. What is the unit of power, or rate of doing work? 
Atu. The foot pound, per second. 

736. How is the amount of work that electricity is ca- 
pable of doing, measured ? 

Ans. By the volt-coulomb, or Joule. The amount of 
electrical work per second ia equal to the volt ampere, or 
watt 

737. What amount of power developed is represented 
by thewatt? . Coo^k- 
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Aai. 44.2S foot-lbs. of work per minate, or 0.7375 toot- 
Ibe. per second. 

728. What is a magnet? 

Ana. A mineral consisting of a combination of iron and 
oxygen. 

739. What is the chemical formula of a magnet ? 

Ana. Fe>0«. 

730. What is a pennanent magnet? 

Ana. A piece of steel that has been charged with mag- 
netism, and retains it 

731. What is meant by the poles of a magnet? 

Ans. All magnets tend to point north and south, the 
same end always pointing in the same direction ; hence the 
end pointing north is called the north pole, and the end 
pointing soath is termed the south pole. 

738. What peculiar characteristic attaches to the poles 
of magnets? 

Ans. The north poles of two magnets tend to repel 
each other, and the same is true of the south poles. But 
the north pole of one magnet attracts the south pole of an- 
other, like repels like, and unlike attracts unlike. 

733. What is an electro magnet ? 

Ans. A bar of iron surrounded by a coil of wire through 
which an electric current is passing. 

734. What are lines of force? 

Ans. They are certain imaginary lines passing through 
the steel of the magnet from its south pole to its north pole, 
and issuing from the latter they curve around through 
space and return to the south pole. 

,735. What is the magnetic circuit? 

Ans. It is the path of these lines of force, around and 
through the magnet. It resembles a closed curre^ either a 
circle, or an ellipse. ' 
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736. Explain the difference between the magnetic cir- 
cait and the electric circuit. 

Atu. The magnetic circuit, or SeH of foree, that Mr- 
rounds a magnet is maintained without the expenditure of 
energy, vhile on the other hand an electric current passing 
upon its circuit devd.ope Qiergy, and ene^y must be ex- 
pended to maintain it. 

737. Are there any other points of differoice behraen 
the two circuits. 

An*. Yes, the electric current passes throuji^ 8 con- 
ductor in intensity proportional to ttie electro-motive force 
urging it, while the magnetic circuit passes through air, 
or ft Tacaum in proportitm to the magneto-motlTS force 
urging it. 

738. What is meant by tbe term potential as affiled !■ 
electric practice? 

Ane. Voltage or pressure. 

739. What is the law of induction? 

Ans. When a conductor is moved in a magnetic field 
of force BO as to cnt the lines of force, there is an electro- 
motive force impressed on the conductor in a diiectioD at 
right angles to the direction of motion, and at right an- 
gles to the direction of the lines of force. 

740. What is a dynamo? 

Ana. A machine for transforming meehutical energy 
into electrical energy. 

741. How is the field of force maintained in a dynamo? 
Ana. By means of electro-magnets. 

743. Does not this require the expenditare of energy? 
An*. Yes ; a certain amount of energy is indirectly ex- 
pended. 
743. How are dynamos dasaified? t^^oo'^It 
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Ang. Into tvo grand diviBions, viz., direct current dy- 
namos and altem&ting cnrrent dynamos. 

744. What is direct electrical current ? 

Ans. A current of unchanging direction. 

746. What is an alternating current? 

Ans. A current that reverses its direction of flow, pe- 
riodically, from 20 times and upward per second. 

746. Name the principal constituent parts of a dy- 
namo. 

A.ns. The armature, the fleld, the collecting rings, or 
commutator, and the brushes. 

747. How is electro motive force or current induced in 
a dynamo? 

Am. By rapidly changing field and armature relations 
by means of mechanical energy. 

748. How is the output of a dynamo stated? 
Ans. In Kilowatts equal to 1, 000 X volts X amperes. 

749. How is the output of a motor stated? 

Atis. In horse power, equal to Watts intake-i-746Xef- 
fieieney expressed decimally. (Not as a percentage.) 

750. What is the voltage of a dynamo? of motor? 
Ans. It is the pressure that the generator or alternator 

delivers at its own terminals. The voltage of a motor is the 
voltage which should be applied to its terminals in order 
to develop full horse power. 

761, What is foil load current of dynamo? of motor? 

Ans. Ihill load current of a dynamo is that current 
which may be drawn steady for 84 hours without causing 
any part of the machine to exceed s safe temperature, i. e., 
■ 160° Fahr. This applies to factory motors. 

7SS. What is meant by the rating of a dynamo? Of a 
motor? 
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Ana. The product of full load current multiplied by 
the voltage expressed in Kilowatte is rating of a dynamo. 
The actual mechanical horse power developed at the pinion 
of the motor as tested in shop. 

753. What 18 the armature core? 

Ans. The sheet iron body which carries the armature 
winding, and conducts the flux from pole piece to pole piece. 

15i, "What 18 the armature spider? * 

Ans. The casting consisting of hub and arms which 
supports armature core. 

755. What are binding wires? 

Ana. They are narrow bands of phosphor bronze vrire 
placed around the armature every three or four inches to 
help bind the winding to the core. They rest on strips of 
mica, and are sweated with solder all around. 

756. What are commutator segments? 

Ans. The commutator segments or bars are the copper 
pieces of which the commutator is built. 

757. What are commutator leads? 

Ana. They are the ends of the armature winding ex- 
, tending from the core to the lug of the commutator bar. 
768. What are pole pieces ? 

Ans. The end of the magnet core nearest the armature. 
Usually larger than the core. 

759. What are magnet cores? 
Ans. The iron inside the field coil. 

760. What is the yoke? 

Ana. The part of magnetic circuit connecting the mag- 
net cores. 

761. What is the pitch of an armature winding? 

Ans. It is the number of teeth between the two sides of 
a formed coil plus one tooth. <' 
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Ex a m ple : The two sidee of a coil are in slots number 
3 and 17, then pitch is 14. 

762. Is there inaulation between winding and core ? 
Ana. Yes. Mica oi fuller board ; there is also the tape 

on coiL 

763. What insulation is there between condnctore of 
winding? 

Ans. The double cotton covering of each wire makes 
four thickneasea between conductors. 

764. What is the air gap? 

Ans. It is the air space between armatore and pole 
pieces. In dynamos it is made as small as possible for ef- 
ficiency. 

In motors it is not made too small because this tends to 
make the machine spark due to the weak field. In D. C. 
series motors it is from % to ^ of an inch, in A. C. series 
motor it is smaller, say 1/10 to % inch. 

The larger the air gap of a motor the more the bearings 
may wear before there is danger of the armature rubbing 
against the lower pole pieces. 

765. What are field spools? 

Ans. The brass shells on which the field coils are 
wound. 

766. What is the commutator? 

Ans. It is a series of copper bars placed parallel to 
the shaft, insulated from each other and from the frame of 
the machine. Each is connected to the winding and cur- 
rent flows from the winding through them to the brushes. 
It at the same time reverses the connections between the 
brushes and the winding at the proper times so that the 
brush always collects current. 

767. What is a collector or slip ring? 
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Ans. A collector consists of two or more ringB of copper 
placed around the shaft and insulated from it, and each 
other. Each is connected to a part of the winding. The 
brushes rest on the rings. 

They are used to collect current from a revolving arma- 
ture style of alternator, to feed current into armatures of 
rotary converters, or the revolving fields of alternators. 

The collector has no corrective influence and passes on 
the A. C. or D. C. current exactly as it receives it. 

Single phase machines have two rings; two, three, and 
six phase machines have three rings. 

768. Is there a difference between no load and full load 
voltage of dynamos? 

Ans. Yes. A shunt dynamo gives highest voltage at no 
load and lowest at overloads ; the series dynamo gives lowest 
at no load and highest at full load. The compound dy- 
namo is a combination of series and shunt, and gives same 
voltage at aU loads. 

An alternator acts like a shunt dynamo. 

769. What is a field rheostat? 

Ans. It is a resistance in the field circuit which can be 
varied to change the current, and hence the field strength. 
This alters the voltage of the dynamo. 

770. What are commutated fields? 

Ans. In some motors the field coils are arranged in sec- 
tions so that they may be arranged in parallel, or series, or 
in combinations. 

All coils in parallel give the greatest current and hence 
slowest speed of motor ; all coils in series give the weakest 
field and the fastest speed. 

771. What relation has field strength to the speed of 
motor? t. 
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Ana. The weaker the lield the faster the speed, for the 
motor mast revolve fast to generate its proper counter 
E. M. F. 

77S. What relation has armature strengUi to the speed 
of motor? 

Ans. The greater the armature current the higher the 
speed. 

773. What effect on the pover of motor does field, and 
armature strength have? 

Ans. The greater the field and armature current the 
greater the power. 

774. What is a ring winding? 

Ans. One which passes over and under around the core, 
a space being left between the shaft and core to accommo- 
date the winding. 

775. What is a drum winding? 

Ans. One where all winding is on the outer surface of 
the core. 

776. Upon what does sparkless commutation of current 
depend? 

Ans. (1) The more commutator bars the better, there 
being less voltage and therefore tendency to spark between 
bars. The average railway motor has from 100 to 125 
bars on commutator. 

(2) The fewer the ampere turns on the armature in 
comparison to the ampere turns on the field the less spark- 
ing. 

(3) The more turns short-circuited by the brush when 
touching two or more bars at once, the greater the tendency 
to spark. 

777. What is a shunt field? 

Ans. One whose coils are placed as a shunt across the 
brushes. It carries a small cun-ent. 
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?7S. What is a Eeries field? 

Ans. One which carrieB the main, or nearly all the 
main current, and is placed in aeries with the armature. 
A small strip of resistance metal is nsed sometimes to di- 
vert a portion of the main current from the series field. 

779. What are Poueault, or eddy currents? 

Ans. Local currents set ap within the armature, and 
acting as a hindrance to the generation of useful current 

780. How may the electro-motive force he increased ? 
Ans. By increasing the speed, or by adding more tarns 

or loops of wire to the armature winding, 

781. What is meant by self excitation of a dynamo? 

Ans. When the dynamo is standing still, the field mag- 
nets become weakly magnetic, but when the annature begins 
to revolve a few volts of electric current will be sent through 
the field coils, gradually increasing the magnetic strength 
until full voltage is reached. 

782. What is a series dynamo? 

Ans. One in which the same current that travels the 
main circuit also traverses the field. 

783. Explain the action of the shunt dynamo. 

Ans. The field circuit is a shunt, and only a portion of 
the main current passes through it, 

784. How are the fields of a compound dynamo ex- 
cited? 

Ans. The fields have two distinct windings; one shunt, 
and the other series. 

785. What advanti^e pertains to the compound wound 
dynamo ? 

Atis. It is practically self-regulating. 

786. What ie the difference between the dynamo and 
the electric motor? ,. , 
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Ans. FracticaUj none in the principles governing ths 
design of ihe machineB. Any dynamo may be used as a 
motor, and vice Tersa. 

787. State the difference in their fnnctionB. 

Ana. The dynamo converts mechanical energy into elec- 
trical energy, while the motor converts electrical energy 
into mechanical energy. 

788. Upon what does the power to be obtained from 
a motor depend? 

Ans. Two things, viz., the cnrrent flowing in its arma- 
ture coils, and the strength of magnetism developed in its 
fields. 

789. How is the speed of motors controlled? 
Ans. By a starting box or rheostat. 

790. How may the direction of rotation of a motor 
be reversed? 

Ans. By reversing the current through either the ar- 
mature or the fields. 

791. "Upon what principle does the alternating current 
motor act ? 

Ana. TTpon the principle of induction, having for its 
main accessory the rotary field. 

793. How is a rotary field produced? 
Ans. By the use of polyphase currents. 

793. Explain the meaning of the term rotaiy field, 
Ans. In a rotary field the rotary action is purely elec- 
trical, the poles simply rotating around the circle. There 
is no rotation of the mechanism of the field, 

794. What then is a revolving field? 

Ana. A field £hat revolves around an axis like a wheel. 
796, What is the leading characteristic of the direct 
current? 
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Ans. It travelB in the same direction of pressnie. 

796. What is the tendency of the corrent generated in 
all dynamos? 

Ans. It is alternating in voltage or presBure. 

797. Explaio the meaning of the term alternating aa 
used in this connection, 

Ans. The current starts at a value of zero, rises to a 
maximum of polarity, descends to a value of zero again, and 
changing in direction of pressure, rises to a maximum of 
opposite polarity, from whence it drops to zero again. 

798. How then ia direct current produced from this al- 
ternating current? 

Ajia. By means of the commutator and brusheB on the 
direct current generator. 

799. What is the leading characteristic of the alternat- 
ing current? 

Ans. Its voltage is continually changing at regular in- 
tervals from zero to maximum in the direction of opposite 
polarity. 

800. How is this action best represented ? 

Ana. By wave curves drawn above and below a horizon- 
tal line representing zero. 

801. In what maimer does the action of the alternating 
current affect the circuit through which it travels? 

Ans. The whole circuit passes simultaneously through 
voltage values of the cycle represented by the wave curve. 
803. What is meant by the frequency of an alternating 
current? 
Ans. The number of waves or cycles per second. 
803. What does a frequency of 60 mean? 
k. . . 
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Ant. It means that the voltage values pass through a 
complete cycle in one sixtieth of a second, that is 60 cycles 
per second. 

804. What is meant by alternations ? 

Atu. The number of reverealB pei minute in the di- 
rection of preSBure. 

805. How many alternations would there be in a cor- 
rent having a frequency of 60 ? 

Ana. 7,300. 

806. What is meant by a "period?" 

Ans, The time in eeconde or fractions of a second re- 
quired to pass through a complete cycle. 

807. What is meant by current wave? 

Ana. It means the actual values of the current as shown 
by the volt-meter and ammeter. 

808. Do these equal the values of the theoretical wave 
curve? 

Ans. They do not, reaching about 70 per cent. 

809. Why is this? 

Ans. It is due to the influence of the iron magnetic 
circuit caused by the connections of induction motors, arc 
lamps, and other electrical apparatus. 

810. What is meant by effective current? 

Ans. The voltage and volume as shown by the volt- 
meter and ammeter. 

811. In what respect is the maximum voltage as shown 
by the calculated wave curve useful? 

Ana. It is useful in testing insulating materials. 

812. What is meant by phase in electric practice? 
Ans. It denotes the relative position of a current wave, 

with respect to the wave of electro-motive force producing 
it 
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813. When is a current in phase? 

Ans. When the two waves just mentioned start at zero 
and reach their maximum values at the same instant. 

814. What is meant by lag? 

Ans. When the current wave la^ behind the voltage 
wave, 

815. What is meant by lead? 

Ans. When the current wave is ahead of, or leads the 
voltage wave. 

816. What is the meaning of two and three phase car- 
rents ? 

Ans, When the winding of the armature is snch that 
two or three electro-motive forces in quadrature with each 
other Me simnltaneoualy produced by the generator the cur- 
rents thus produced may be distributed over four or six 
conductors, a pair for each current. 

81?. Is it necessary to have a pair of conductors for 
each current in two and three phase current work? 

Ans. No. By means of the Y winding it is possible to 
distribute the current over three wires, each wire acting as 
a main, and return wire for one of the others. 
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818. Can the properties of a dynamo be accurately cal- 
colated from any of the formulaa given for that purpose P 

Ana. No. The accurate design of a new type of dynamo, 
and an armature as well, is as much a matter of experiment 
as it is of calculation. 

819. Why is this? 

Ana. There are so many factors inTolved in the calcn- 
lation that cannot be accurately determined ontil a ma- 
chine of the exact dimensions of the one under considera- 
tion has been built. 

830. What are the principal factors that are so troable- 
Bome to determine? 

Ans. The permeability of the iron, the resistance of 
the magnetic circuit, the tendency to leakage of the lines 
of force, the exact proportion of the dead wire, the reaction 
of the armatnie, the losses due ia Foucault currents. 

831. Are not tiie causes of all these losses well nndei- 
siood? 

Ans, They are, and it is easy enough to tell what mnst 
be done to lessen any or all of them. It is merely their 
exact value which is indeterminate until the machine in 
question is in operation. 

833. What is the chief precaution which must be taken 
on this account. 

Ans. It is necessary to leave some part of the controlling 
influences so that they can be readily varied and thus adjust 
the machine so that it will be exactly right when it is Anally 
finished. 

833. How can this beet be done? 

Aim. Since it is manifestly very troublesome to rewind 
121 
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an armature, if perchance too great or too small a nnmber 
of wires have been placed upon it, the proper factors to be 
arranged to be variable are : the speed, and the strength of 
the field. In some caeee the speed, even, is not changeable, 
and the whole dnty of compensating for misjudgment in 
the calcnlationg falls upon variations of the field strength. 

884. Can the whole regulation be accomplished in thia 
way? 

Ans. It can, and in most caseB Gas ie the method relied 
upon. It is very easily accomplished by this method if we 
arrange to have the fields magnetized to only a low degree 
of saturation. By doing this, however, we are led to provide 
field magnets whose capacity is far in excess of what we 
believe to be necessary and, therefore, more expensive. So 
that again in the last consideration it behooves na to experi- 
ment before we definitely determine the exact proportion 
of our dynamo or motor. 

885. Are there any formula that can be used in deter^ 
mining the exact proportions ? 

Ans. There are, and they are given below. These will 
materially assist the student in forming an idea how the 
different parts can be adjusted to bring about the desired 
final result. For the following formulse we shall adopt the 
attached set of symbols : 

Let F=the total number of lines of force, or fiuz, 
V=the nnmber of volts to be generated, 
S=the number of slots in the armature, 
H.P.S.=:the number of revolutions per second, 
W^the number of wires per slot. 
Then, to find the number of wires necessary per slot where 
the speed and flux are fixed; 

w= "•>^^ 

FXSXEP.S. . 



To find the aecessary speed where the number of wirea, and 
the flux, are fixed: 

FXSXW 
To find the necessary strength of field, where the wires 
and speed are fixed : 

SXE. P. S.XW 
To find the volts generated : 

FXSXWXE. P. S. 



V=- 
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826. Are these formnlse used in actual practice to deteiv 
mine the size of wire, speed, etc. F 

Ana. These formulffi are of yalue principally in check- 
ing up the actual calculations made. 

827. How is an armature actually designed? 

Ans. In actual practice whenever a new dynamo or 
motor is to be constructed it is, so to speak, built up around 
the armature. That is to say, the armature must first be 
designed, and the other parts made to fit around it. 

828. What is the principal consideration to be taken 
into account? 

Ans. In order to deliver a certain current, the number 
of poles, etc., being fixed, which is with rare exceptions the 
case, we must use a certain size wire. 

829. Is there no choice whatever in the size of wire 
for a given current ? 

Atis. There is some choice. In most cases the heating 
of the wire on the armature determines the size of wire to 
he used; in other eases it is the drop in potential at the 
terminals of the armature that governs. , 
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830. Hov does the size of wire affect the heating, and 
the loss of potential? 

Ans. Both of these losses, and the tronhles occurring 
from them, are leasemed by selecting wires of greater 
diameter. 

831. How do 70a proceed to calculate the necessary size 
of wire? 

Ana. The number of wires, and the dimensions of the 
armature for any given purpose can be found by trial cal- 
culations only. By thia we mean that, unless we are very 
lucky, we shall have to make a number of calculations, 
using, perhaps, different dimensions and wires before we 
get tiie result that suits us best. 

833. Give an example. 

Ans. As an example let ns take an armature 8 inches 
in diameter and 8 inches in length and see what it will 
do for 118. Such an armature has a cross-section of 64 sq. 
inches and, assuming a flux of 30,000 lines of force per 
square inch, we have a total S.mx of 1,930,000 lines throogh 
the armature. We first find how often one wire must cut 
this number of lines of force to generate, say, 110 volts. 
To do this we first divide 110X100,000,000 (which is the 
total number of lines to be cut per second) by the total 
flux, 1,9SO,000, and obtain as the result 5728. Next, to 
get the necessary number of wires to be placed apon the 
armature, we must divide this quotient (5738) by the 
number of revolutions the armature makes per second. If 
our armature revolves at the rate of twenty revolutions per 
second (1,200 per minute) we shall need one-twentieth 
of 5,728 wires placed upon it. This amounts to 286. Aa 
our armature, 8 inches in diameter, has a circumference of 
25.13 inches, this gives us a wire r unning about 11 per 
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inch. If there ie to be but one layer, this ^vea a number 
IS wire. Ab the two Bides of the armature are in parallel 
we have a capacity of 2 times 14.31 amperes according to 
Table 50. If we decide to use two layers, we can take a 
No. 6 wire, 5.5 per inch, and obtain a capacity of 56.55 
amperes. It may be stated in explanation of the calcula- 
tions here made that each wire in the course of one revolu- 
tion of the armature cute the total flux two times; but as 
the two halves of the armature are in parallel, each sid« 
must produce the full voltage by itself. 

833. How much radiating surface is oaually allowed per 
■watt of energy used up ? 

Aas. That depends very much on the work for which 
the armature is intraided. If it is for a railway motor, 
which is entirely enclosed, and almost constantly in use, it 
is much more than, for instance, an elevator in a private 
residence where there is but very little use, and only at long 
intrarals, so that the armature has time to cool off between 
one run and another. Table 50 is based upon the require- 
ment that there shall be three square inches of radiating 
surface for each watt of energy expended in the coils. 

S31. What radiating surface is allowed for each watt 
expended in the case of an armature? 

Ans, This amount varies in different machines, being 
as low as 1 square inch per watt, and as high as three square 
inches per watt. About 1.75 square inches per wfitt ex- 
pended can be considered as a fair average for armatures 
and about 3 inches per watt expended for field coils. 

835. How is the table referred to (Table 50) made up? 

Ana. This table is figured from the formula, 
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B S being the radiating surface, and B the reaistance of s 
unit of length of the wire under consideration. This form- 
ula gives the current allowed where the wire is wound in 
one layer. As we add more layere we must, with each suc- 
cessive layer, reduce the current, so that the square of the 
current multiplied by the resistance (which equals the 
watts) shall remain always the same, because increasing 
the depth of the winding does not aSect the radiating sur- 
face of the coil. 

836. The table gives the cariTing capacity only to a 
depth of six layers ; how is the carryng capacity of a greater 
number of layers to be found? 

Ans. To do this we refer to Table 60 and select from the 
column headed P the number pertaining to the wire in 
question. This nximber represents the square of the cur- 
rent permissible with one layer of wire. Divide this num- 
ber by the number of layers it is intended to use, and extract 
the square root of the number so found. The result will be 
the carrying capacity of the wire in question, wound to a 
depth of that number of layers. As a general guide we may 
bear in mind that, as we multiply the number of layers by 
4, 16, 64, 356, we, each time, decrease by one-half the 
carrying capacity of the wire. From this we can see that 
the capacity of the wires after a certain number of layers 
have been considered, decreases very slowly, though very 
fast with the first few layers. 

837. Is there need of very great accuracy in these 
calculations ? 

Ans. Great accuracy is not necessary in these calcula- 
tions. We can always lengthen our armature a little by 
adding a few punchings, should the potential be insufficient, 
and we can always vary the speed and strength of fidd con- 
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Biderably. Adding to any of these would tend to increase 
the E. M. F. of the armature, bat not its capacity in 
amperee. 

838. If the capacity of the armature is not sufficient, 
how do we proceed ? 

Ans. Take the nest larger wire, or such a wire as will 
give the desired capacity, and from the diameter of this 
wire fignre out a new armature. By using tiie same num- 
ber of wires of a larger diameter, a greater croBB-sectioQ of 
armature is obtained. 

839. Do these consideratiooB apply equally well, 
whether an armature is slotted, or not? 

Ans. The only difference is that with a slotted arma- 
ture it is necessary to take into consideration the length of 
the winding space in tlie slots only, not the total circum- 
ference of the armature. There is also considerable loss of 
flux through the teeth of the armature so that the flux most 
be assumed less. A great flux is obtainable, however, with 
the same field winding, as the magnetic circuit of a dynamo 
with a slotted armature has less resistance. 

840. How do you proceed in the case of a slotted arma- 
ture? 

Ans. If we have an armature provided with slots of a 
fixed size we can but arrange to accommodate ourselves to 
it as best we may. It may be that the slots are of such size 
that the wire we have selected through our calculation will 
not fill out the slot well, and we must, therefore, try some 
other size wire. In this case it will be preferable to select 
a larger size wire if practicable. This had best be tried by 
actual experiment. As the wire often will not fill out the 
slot quite fully, calculations are not exactly reliable. Any 
deficiency can, of course, be made up by fillmg ii^.witb insa- 
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latioQ. The number of wires per slot ie {oimd b; dividing 
the total number of wires by the number of slots. 

841. How can the size of a slot capable of holding a 
certain number of wires be determined ? 

An». The approximate depth of the slot can be obtained 
bj multiplying the diameter of the wire to be used b; .86 
and tbia hy the number of layers placed over each other. 
The result will be exact if the wires lie as shown in Figure 
512. The width of the slot can be found b; multiplying the 
diameter of the wire by the number of turns per layer. It 
will be seen from tiie figure that each alternate iajer wiU 
contain one turn less than the flrst 

842. Can slots be proportioned so that tiiey will sccoiu- 
modate any number of wires ? 

Ant. The slots must be proportioned to the number 
of wires to be used, and the number of wiree per slot must 
be carefully considered. If the number of turns per slot 
are few, tiie wires should be placed as shown in Figure 513. 
If there are nuiny, according to Figure 512. Which of these 
two methods is to be used will have a bearing on the num- 
ber of wires per slot The total number must be a multiple 
of the number of layers. 

. 843. After we have selected our wire, and detenniiied 
the number of wires to be used, can wa form some idea <tf 
what the losses in the annatnre will be? 

Ans. We can easily fgure the approximate loss of folt* 
age in the armature from the size of wire to be used. To 
do this we first find from Table 50 the reBistance per foot of 
the wire in queatiott, and then measure the length of wire 
in one coil and multiply the resistance by the number of 
feet If we have a bi-polar armature we again multiply 
this by half the number of coils (the two sides being in 
paralld). Since the loss in voltage is equal to the amperea 
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multiplied b; the reeistaiice, we seed but to multiply the 
Teeistance so found by half the total corrent to find the 
loBB in voltage that will occur. This loss ia, of coarse, in 
direct proportion to the current. This loes is not of mach 
importance in ring armatures, or in dram armatares either, 
vhen they are working with small currents, or on constant 
current work snch as arc lifting; but with heavy, and 
variable cuirents it is a very important matter, and the 
lower tiie loaees can be kept, tiie better. 

844. Are there any special considerations to be borne 
in mind while winding the different coileP 

Ana. It is quite important to see that each coil containa 
the same number of turns, and that these M out the same 
relative apace. 

845. Why ia this so important? 

Ana. We have already seen that tiie two halves of the 
armature are generating in parallel, that is, the curroita 
from the two sides meet at the positive brush and flow out 
to the line, and return by the negative aide to the armature. 
U now there are fewer tuma of wire OD one side Uian on 
the otihttr, or if there is one weak coil in the armature, one 
side or Qm other will always be generating a greater E. M. F. 
than the other and consequently current from the high pres- 
sure side will ftow through the winding of the low aide. 
To see this more clearly refer to Figure 514. On the arma- 
ture there ahown, there an 16 coils. If this armature is to 
generate 40 volte, each coil wUl be called upon to produce 5 
volts. Now suppose me of the eoils to be cut oot of the 
dnmit entirely. It is clear that at a& times except when 
the dead coil is at the neutral points, there ue 8 coils gen- 
erating on one side against 7 on the other; i. e., 40 volta 
against 35. In order to find the current tiiat would flow in 
■ndi an armature while oa open drcait, subtract the low 
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voltage from the high, which leavefl an active voltage of 6. 
If the reaistance of the armature irere .1 ohm a current of 
60 amperes will be circulating a great part of the time. 

846. Whj would tbiB not be a constant cnrrent ? 

Ant. For the reason that this cnrrent would be con- 
stantlj changing in direction, becanse the Btrong dde of the 
armatnre would be first on one side, and then on the otheTi 
of the fields. On open circuit a perfect armatnre would 
generate no current whatever; with an armature as de- 
scribed the current mentioned would always be flowing 
toward the coil which is cut dead. 

The current would be changing in strength, because dur- 
ing the time the dead coil is short circuited by a brush it 
would be balanced by another coil under the opposite brnsli 
which for the momrait is also dead. Consequently during 
that time the armature would not be generating at all. 

847. How would this inequality of generation manifest 
itself if the dynamo were generating current? 

Ana. If the dynamo were generating current this con- 
dition would greatly reduce its capacity. The current flows 
only in obedience to the pressure, and as titis would be 
variable the cnrrent would of coarse also be variable. 

848. Are differences in potential between different partq 
of an armature caused by any other conditions in the ar- 
mature F 

Ans. Such differences are sometimes caused by the loca- 
tion of the wires of different coils. Other things being eqoal 
the E. M. F. generated by any coil varies with its distance 
from the center of the armature. It can readily be seen 
that the farther a wire is from the center, the greater will 
be the area enclosed and therefore the greater the nombra 
' of lines of force cut by it 

i 
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84d. VTbat other cause ia there for inequality of genera- 
tion? 

Am. Another cause for inequality of generation be- 
tween different coils Ilea in a difference of resistance. 

850. Does this affect the generation on open circuit? 
Ans. It does not. We have already seen that the loss 

in potential in any circuit is proportional to the current 
flowing, nndtiplied by resistance of the circuit in which it 
flows. Therefore the drop in potential in any coil is in 
proportion to the current being taken from it. If one coil 
therefore iias a much higher resistance than the others its 
potential vill fall much more, and the side of the armature 
on vhict it happens to be will he of lower E. M. F. than 
the othe', and there will be the same tendency to a vacillat- 
ing cuifent as in the case of coils of uneven number of 
turns. The variations will, however, not be near so grea^ 
for ar excessive current flow from the strong side via re- 
duce •:he pressure on that side, and the checking of the cnr- 
renf on the low side will raise the pressure th^«, so that a 
balance will be obtained without any great current flow. 
The main danger of introducing inequality in the resistance 
of the winding lies in the winding of the inside of the coil 
with Gramme ring armatures. The space for the winding 
at this point is necessarily of a differ^it shape than that 
on the outside, and there are also the spokes of the arma- 
ture to contend with. 

851. How many methods of armature winding are in 
general use? 

Ans. The methods of armature winding are very numer- 
us. For the present we shall confine ourselves to the 
lethods used with hand winding on cylinder armatures. 

862. Which is the most simple of these windings? 
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. Ans. The simplept one of these windings ig that ahown 
in Figure 634, and ve shall take this one for the purpose 
of demonstration. It will be noticed that in this figure there 
are 13 slots in the annature and 6 commutator aectiona, 
indicated by the wires twisted together. 

853. Is it necessary that this proportion Df slots and 
armature coib eadst? 



Ans. It is not; in fact It is not at all desirable tliat this 
proportion should ezist, but this proportion is very etm- 
venient for winding, as we shall see. 

Begin winding by selecting two of the slots located 
opposite each other, as shown in the figure, and starting 
at 1 wind into those slots as manjr tarns of wire as hag beeO) 
determined tiiere should be and bring the last end of the 
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coil to the conunatator Bectitai oert the ooe from which we 
started. 

8S4. Should this be to the one in front of, or behind 
the section from which tiie winding started ? 

A.n$. This IB immaterial. In actual practice there 
should not be any commntator sections in place wliile wind- 
ing. Th^ would be very mach in the wa;. Instead, tie the 
two ends of the coil together and properly mark the be- 
ginning and end. 

866. Are all coils wound in the same way? 

4m. They are; but in this case we muat skip one slot 
at each subsequent coil, in order to make them come ont 
right ia the end. That is to say, if Uie first coil is wound 
into 1, 1, the second must be wound into S, S, the third 
into 3, 3, etc. 

866. Why is this? 

Ant. As each coil fills out two slots, we have with the 
third coil finished half of the armatnie. If we were to wind 
the slots in consecutive order, the connections for the com- 
mutator would all come on one side, and we could do noUi- 
ing with the armature. As we now continue in the order 
we have started wa finally complete the entire winding and 
have the beginning and end of one coil opposite each com- 
mutator section. We can now fasten the beginning of the 
first coil to its proper commutator section, and the end of 
it to the next one. It will be immaterial whether this be to 
the section ahead, or behind the starting section, but, which- 
ever way we start, we must be sure to continue in the 
same way. 

867. This being the most simple method of armature 
winding, why are not all armatures wound in this way? 

Ans. The great objection to an armature wound in this 
way it that the coils become too large. ' 
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868. Why aie large coils objectionable? 

Ant. In order to undeTstand why large coQb are objec- 
tionable we refer to the commutator Bhown at the right of 
Figure 534. Here a brnBh ia Bhown bridging two conunn- 
tator sections and short circuiting the coil connected to 
them. The coil indicated bj the black line is the same one 
shown in the slots 1, 1, and the connections are identical. 
It can readily be seen that all of the coils will in turn 
become short circuited in the same way in the course of 
every revolution of the armature. 

Now in the first place aesome that the coil when thus 
short circnii«d ia in an entirely dead part of the field. 
When a brush short circuits such a coil it takes all the 
current away from it. When the brush leaves the forward 
section of the commutator this short circuit must be broken, 
and current must be again established through the coil. 
As every coil possesses some inductance (which acts for an 
instant like a very high resistance), there is a tendency for 
the current in that half of the armature to jump across the 
insulation between the commutator sections, rather than 
pass through the coil. If this occurs there is destructive 
sparking. The greater the number of turns of wire in any 
coil, the greater will be the likelihood of this taking place. 

859. Is this the main reason why the coils, on an arma- 
ture should be made up of few turns of wire? 

Ana. It is not. The most important reason for this is 
the following : If the coil is not in an entirely "dead" part 
of the field there ia always some current generated in it 
during the time the brush ia in the position discussed above. 
This currait circulates in tiie coil during the time the 
brush holds it on short circuit, without appearing in the 
outer circuit, and is therefore a dead loss. It furttiermon 
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tends to heat ibe coilB. Becaose two of the coils are nearly 
always on short circuit in this way, the loss and the heating 
are considerable when the coils are large. When these cur^ 
rents are broken by the commutator section sliding from 
under the brash, they also make themselves evident by 
severe sparking, if the coils are large. 



860. Are there any more reasons why large coils are 
objectionable ? 

Ane. Another reason why large coils in an armature 
are objectionable can beet be understood by reference to 
Fig. 53S. A umple dynamo snch as is depicted in this 
figure delivers a current graphically illustrated by Fig. 636. 
It will be seen that this is really an intermittent current. 
This is because the dynamo has but one coil, and while 
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tiue is at the neutral points, nottimg ia being generated. 
The enrrent therefore fluctuates from to its maximum. 
If we add one more coil the current line becomes as shown 
in Fig. 637, and the greater the nmnber of coils the raoailra 
becomes the p^centage of non-generating coils, and the 
nearer does the cnnent line approach a straight line shov- 
ing a steady value. 

861. Why cannot smaB coils be woond in the manner 
shown in Fig. 534. 

Ana. It is desirable t« make tlw coils as small as poe- 
aible. The ideal coil would consbt of voiy one turn. Now 



as long as we wind only one coil into one dot we shall 
have the coils needlessly large. The number of coils is 
limited by the number of commutator sections, and unless 
we wind two coils into each slot (as we can see from Fig. 
534) we can have but half as many commntator sections 
aa there are slots. In order to get a small coil it is there- 
fore necessary to get two coils into each slot. 

863. Can this be done in more than one way? 

Ant. This can be done according to any of the plans 
shown in Fig. 63S. In this figure the black and white 
circles respectively represent the wires of tJie two difterent 
"Oils wound into the same slot. 
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We have already seen under ring annataree, iliat vire* 
of different coils should all be of the same distance frotD 
the center of the arma.tnre, so as to cat the same numb^ 
of lines; it follows, therefore, that the plan showing one 
coil wonnd over the other should not be used where it can 
be avoided. 

863. How do yoQ manage to place two coils in one slot? 

Ans. In order to nnderatand exactly how this is done 
let us consult Fig. 539. This figure is a duplicate of Fig. 
634 with the exception that now we have as many com- 
mutator sections as there are slots in the armature. The 



black circles repTesent the wires of one set of coils, and the 
light th(»e of the other. 

The simplest method of winding two coils into one elot 
is, first to wind one coil complete, filling half the slot, then 
turn the armature half way round and wind the second 
coil OTer the first. As this, howerer, gives two coils of dif- 
ferent lengths and resistance, and also cutting a difEerent 
number of lines of force, such a winding is seldom used. 
A better way ia the following : Cnt two wires of sufllcient 
length BO that each will make one coil, place the armature 
Qpoa two crosiban of convenient height so that it can be 
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eaeilj turned over when required. Mark all of the alots 
with appropriate numbers according to the plan of wiring 
selected, so there may be no confusion when the work a 
started. A very good plan is shown in Fig. 534, Thia 
plan gives the smallest head of any becanse there are al- 
ways two coils running parallel to each other across the 
ends of the armature, "nius we have three layers of coils 




croBBJng over each other, while with any of the othoi 
we should have six. But in order to get the advantage of 
this smaller head, we cannot wind the coils in the order 
given in the explanation of this winding. It becomes neces- 
sary to wind completely, at the same time, the two coila 
that are running parallel with each other across the ends. 
To do this requires more experience and forethoo^t, than 
the way previously described. 
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'Bepn tiie winding with the coll marked 1, and make 
one complete torn and fasten the two ends of the wire to- 
gether temporarily if more turns are to follow, or fas- 
ten each to its proper place on the commutator, if there 
is to be but one turn. Now turn the armature half way 
round and wind the other wire in the same way. If there 
are to he more turns, continue to wind the second turn. 
After this is finidied turn the armature back to its original 
position and wind the first wire again. Bepeat in this 
manner until the desired number of turns in both coils have 
been obtained. By reference to Fig. 639 we note that the 
windings do not skip slots as in Fig. €34. This is easily 
explained when it is noticed that each slot contains two 
conductors and that at each step we skip one conductor aa 
before. 

It is not necessary in actual practice to tarn the anna- 
tore around as above suggested. This was suggested merely 
as a b^inning to make the principle more plain. The 
aame result can readily be obtained if the armature is left 
atationary. The windings need merely to be so arranged 
that they will come right for connection to the commutator 
as shown in the cnt. 

It is wdl enough to ose care that all of the coils are wound 
in the same direction, but it will not materially affect the 
operation, if one part of the coils are wound left hand, and 
the otbere right hand. The essential point is to see tiiat 
they are bo connected that the magnetism resulting from a 
cnrrent Sow through the coil will be the same in all. If 
it is difEerent in one coil from the others it can easily be 
rectified by simply changing the end connecttons of the 
cml in question. 

864. Are all armatures hand wound? 
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Atis. Hand winding is customaiy with tlie nnaller 
drum, and ling armatuieB only. It ie the only method 
that con be need with ring aTmatnres, and also with drum 
annatareB where the wire is to encircle the whole armature. 
The larger dynamos are now made mostly multipolar, and 
in these the coiU do not return at nearly, or wholly, diam- 
etrically opposite points as they do in those machinea we 
have BO far had under consideration. With multipolar ma- 
chines the armature is divided into as many sections as 
there are poles. While it is possible to work any regularly 
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wound drum, or ring armature in connection with many 
poles, it is not customary to do so. In general the coil 
wound on a multipolar armature has its return winding 
spaced about as far from the first turn, as it is from the 
center of one pole piece to the center of the neit one. 

865. How does this affect the winding? 

Ans. This gives us a winding of much lower resistance 
than could otherwise be obtained, and the magnetic circuit 
is also much better. Furthermore, it makes poasible the 
use of so-called "former coils," 
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866. What is a former coil ? 

Ans. A former coil is one that is wound upon a former, 
i. e,, one that is wound complete before it ia placed upon the 
armature. 

867. How are such coilB made up ? 

Ans. Figs. 540 and 541 show two styles of former coils, 
and the manner in which they are wound. In Fig. 540 the 
black circles represent strong pins fastened into a piece of 
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plank, or other suitable material. The wire is wound 
around these pins as indicated in the figure, as many turns 
being taken as it has been decided to allow for each coil. 
When the coil is thus completely wound it ia taken from 
the pins, and the lower ends placed in a suitable clamp, as 
indicated by the broken line in the lower center of the 
figure. After this clamp is fastened onto the coil the two 
halves of the coil are spread apart, one being palled to- 
ward the operator and the other pnshed away from him "* 
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right angles to the clamp. In thiH way the coil ia made to 
asBiune the shape illnstrated in Fig. 543. Before winding 
a coil in thie manner it is of course necessary to know ex- 
actly what length it must be, and a pattern coil must there- 
fore first of all be prepared, from which the spacing of the 
pins can be taken, so that the completed coil will fit into 
the slots for which it ia intended. 

868. How are snch coils placed upon the armBtnre ? 

Ana. Begin placing the coils at any convenient slot, and 
lay them in, as indicated in Fig. 543. It is necessary to 
mark the beginning, and end of each coil, so that there 
may be no wrong connection whea the wiree are finally 
connected to the commutator. 



Before placing the coils the slots must of course be in- 
sulated as explained previously. We now continue to lay 
in coils until the whole armature is full, but when nearly 
full, the forward ends of the coils we are placing require 
to be brought under the first coils put in place. To do 
this it is merely necessaty to raise up the first six calls, 
(in this case) and place the forward ends of Ute last six 
under them in the regular order. 

869. By what name is this winding known? 

Ans. This ia known as the "evolute" winding. It will 
be noticed that when this winding is completed, the wirea 
of the outer portion entirely conceal those of the inner, and 
thus give this style of winding its characteristic appearance. 
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870. What other manner of winding multipolar arma- 
tores is there? 

Ans. Another method of forming coiIb is illuBtrated in 
Kg. 541. In this case the coil is first wound around two 
pine, as shown at the top of the figure. The ends are then 
placed in clamps, as indicated by the dotted lines at the 
top and shaded lines in the center of the figure. After 
these clamps are fastened, the coil is turned one-fourth 
around, and the wires spread over the four pins, as indi- 
cated in the figure. 

871. How is this coil placed upon the armature P 
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Ant. The coil formed in the manner above assumes the 
shape shown in side view in Fig. 543 and is placed upon 
the armature aa there indicated, the manner of placing 
being the same as that of the previous coil. 

873. What name is given to this style of winding? 

Ana. This is termed a "barrel" winding and its charac- 
teristic appearance can be seen from the figure. 

873. Is it necessary to carry out the same kind of wind- 
ing on both sides of an armature ? 

Ans. There is nothing to prevent one from using one 
of these windings on one side of the armature, and the 
other on the opposite side. They cannot, however, be com- 
bined on the same side. The windings of large machines 
very often are made up of bars of copper made of special 
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sizes to suit. These are often arranged aa ahovra m Figs. 
641 and 545. Sometimes such bats are bare and laid into 
the slots with insulation loose on the sides and bottom and 
between the different bars of a slot. Such winding is often 
held in place by pieces of wood inserted into the dots as 
indicated in Fig. 543, the slots being specially prepared to 
admit of this. Where no such provision has been made the 
wires are held in place by the nsnal binding wires. 

874. Is there any difference between the armature of 
motors and dynamos? 
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Ant. Theoretically there is no difference between the 
armature of a dynamo and motor. In fact, many machines 
are placed in conditions in which their functions change 
perhaps a hundred times per day, from that of generator 
to that of motor. 

875. Are there any special provisions necessary to make 
them operate thus ? 

Ana. "So. This change takes place automatically, and 
the operation is so smooth that the observer will have no 
idea in which capacity the machine may be operating from 
moment to moment. It is also no unusual thing for a 
dynamo working in parallel with other generattaa to be- 
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come rerereed, and instead of deliTering current to the 
line, it will be drawing from it and running aa a motor. 

876. What should one principally have Ik view in the 
design of s motor armature ? 

An$. Motor armatures must be designed to produ<% a 
certain counter E. M. F. just as dynamo armatures are 
designed to produce E. M. F. In the case of a dynamo the 
power is measured by the product of the E. M. F. and the 
current, so in the motor the power is proportional to the 
product of tiie counter E. M. F. and the current. 
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877. How do you proceed to calculate the winding for 
s motor armature? 

Ana. Id the same way as with a dynamo except that 
the E. M. F. should not be figured as high. The current 



Tolome of the line that supplies it; t tiie counter E. M. F. 
of the armatare, and R its resistance. It is apparent that 
in order to get more power out of a given motor, its coun- 
ter E. M. F. must be reduced in order that a greater cur^ 
rent can flow. 

878. How is thifl brought about? "^^ 
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Ant. With a motor in operation this counter E. M, F. 
ia reduced when the speed reduces, on account of a heavier 
load. More current is thus allowed to Sow until the power 
of the motor becomes equal to the work required of it, but 
if the load exceeds the capacity of the motor it will take 
too much current, and bum out the armature. If a motor 
is to be designed to operate at a certain speed, all of these 
facts m'ust be taken into consideration, and the wires so 
selected that when running at the required speed, the neces- 
sary counter E. M. F. will be generated. 

For illustration, take the same armature that was con- 
sidered in the previous section. In this case a Na 12 wire 
was required. This gave 11 tarns per inch, and its car- 
rying capacity was 14.3 amperes. The dimensions of the 
armature were 8''x8'', requiring about 770 feet of wire. 
With this quantity of I^o. \Z the resistance is 1.39 ohms. 

Only one-half of this, however, is on one side, and only 
14.3 amperes pass on one aide, so that the total E. M. F. 
to drive this current through the armature is 14.3X>fi'7, 
which is 9.96. In order that this motor may allow the 14.3 
amperes to pass, its counter E. M. F. must fall to 9.96 
volts less than the E. M. P. of the line. If this is 110, the 
speed must slack o£E about 9 per c^t in order that tiie 
motor may develop its full power. 

It is easily seal from this that, in order that t^e motor 
may operate at a fairly constant speed, the resistance of the 
armature should be made as low as possible. In practice it 
is generally made ho low that a reduction of 1 per cent in 
speed wll bring about the required lowering of counter 
E, M. F. to cause the proper current to flow. 

879. How do armature troubles manifest themsdves? 

Ana. Either by excessive sparking at the commatator, 
or by abnormal heating of the armature. 
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880. Whftt are the causes of each troublee? 

Ans. They may result from aay one of the following 
cauBes: There may be a wrong connection of one, or more 
of the coils. Some of the coils may be grounded. There 
may be an open circuit. There may be a short circuit. 
The brushcB may be improperly aet. The bruBhea may not 
make Bnfficient contact with the commutator. The com- 
mutator may be rough or worn. The fields may be of 
uneven strength. 




How can a wrong connection of the coils be tested 
for? 

Ans, In order to see how this test can be made let us 
consider Fig. 646 for a moment. This figure shows the 
wiring of an armature connected to the commutator eeg- 
ments exactly as it would be if it were taken off, and the 
coils separated without detaching from the commutator, in- 
stead of being placed in an orderly manner upon the coie 
of the armature. In other words, the connections are ex- 
actly as in an armature. If we should now take the two 
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wires of some supply of current capable of delivering s 
few amperes, and connect these two wires to two adjacent 
commntator s^ments, as shown at a, and b, it is clear that 
current wonld flow through the coil connected between 
these two sections, and also through the other coils. The 
current has two paths: one through the single eoil, the 
other through the remaining seven coils in series. 

The current in the two coils flows in opposite directions, 
with the result that a field of force is set up in the vicinity 
of tiie single coil. A suitable galvanometer placed at this 
point will be deflected in a certain direction. By revolving 
the armature and applying the test to each succeeding pair 
of commutator sections, a number of deflections of the 
needle will he obtained. 

If all the coils are correctly connected these deflections 
will all be in the eame direction. If one of the coils is con- 
nected wrong, a different deflection will be obtained. If 
one of the coils has been wound on in the wrong direction, 
it is not necessary to rewind it; the connections can simply 
be reversed. 

883. What is meant by a "ground"? 

Ans. An electrical connection between some current 
carrying part of the armature, and the metal armature 
frame. A "ground" is often caused by the insulating cov- 
ering of the wire breaking down, thus allowing the wire to 
come in contact with the iron core. 

883. How do yon test for this condition? 

Ans. The simplest method of testing for a ground con- 
sists in taking a lamp or voltmeter and connecting it as 
shown in Fig, 546. Place one of the wires in contact with 
the iron core, and the other in contact with the wire on 
the armature. If the lamp lights, there is a connection be- 
tween the wire and the core, and this should be removed. 
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884. How is an open circuit located P 

Ant. Hefemng to Fig. 546, connect the commutator 
as shown by the horizontal lines c. d. to some source o! 
supply. A rheostat is needed to adjust the current strength 
until a suitable deflection of the needle is obtained betveen 
adjacent commutator segments. Now, take two wires of 
the voltmeter and test the voltage between the various ad- 
jacent commntator segments. A reading will be obtained 
between each two segments on one side of the commutator, 
but on the, side which contains the open coil no reading 
will be obtained until connection is made between the two 
segmGiits to which the open coil is connected. At this 
point the voltmeter will show practically the full voltage of 
the supply current. 

885. How do you locate a short circuit? 

Ans. If the short circuit has come on while the arma- 
ture was in use, it will locate itself by a burned out coil. 
To test a new armature for short circuits we can proceed 
in the same way as for open circuit, the only difference 
being that, when we come to the short-circuited coil, we 
shall obtain either hone, or at least a reduced deflection. 

886. What effect does an improper location of the 
brushes have? 

Ans. An improper location of the brushes will mani- 
fest itself by a more or less severe sparking. If the brushes 
are of the right dimensions the trouble can be remedied 
by simply shifting them to the proper location, which is that 
of least sparking. Brushes should be of such length, and 
set at such an angle, that they come in contact with diamet- 
rically opposite points on the commutator, with all bi-polar 
machines. 

887. How must the brushes be set in connection with 
multipolar machines ? ^ - 
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Ans. This dependB on the nuumer ia which the armature 
is voond. With a lap winding there are as many bniBheB 
as there are pole pieces, and they most be equally spaced 
around the periphery of the commutator. Provision must 
also be made bo that they can he shifted to the point of least 
sparking. In wave wound armatureB there may he only 
two brushes, these being so spaced that they are separated 
by an angle equal to the angle of separation of two ad- 
jacent pole pieces; for instance, with a four-pole field they 
would be separated by an angle of 90°. 

888. Is much shifting of the brushes necessary? 

Ana. This depends very much on the design of the ma- 
chine. With some of the older machines constant shifting 
of the brushes is required with changes in the load, but with 
the newer, and better machines this is reduced to a mini- 

889. What is the ordinary size of a carbon brash ? 
Ans. It should be of such size that not more than 2$ 

to 40 amperes per square inch of carbon are ever required 
to flow through it. 

890. How does inequality in field strength aiFect an ar- 
mature? 

Ant. Wherever this exists there will be more lines of 
force cut by the armature on one side than on t^e other, 
thus causing a higher potential to be generated on one side 
than on the other. The brushes will have to be set uneven 
distances apart around the commutator, and useless cur- 
rents will be set up in the armature windings, which will 
not only cause a loss of power, bat which will tend to over- 
heat the armataze. 
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891. What is the function of a transformer? 

Ans. To transform the current from a higher, to a lower 
voltage, or vice-verBa. 

893. What principles govern the action of a trans- 
former ? 

Ans. The principles of electro-magnetic indaction. 

893. What is a step up transformer? 
Ans. A transformer that raises the voltage. 

894. What is a step down transformer? 
Ans. One that lowers the voltage. 

895. How are transformers cooled? 

Ans. Small sizes by surface radiation. Larger sizes by 
oil; also by air blast. Some of the smaller sizes are cooled 
by water circulating through surrounding coils. 

896. How IB direct current transformed from one volt* 
age to another ? 

An». By means of a machine called a motor-generator. 

897. Describe in brief a motor-generator. 

Ans. It consists usually of a D. C. motor driven by 
current at the voltage of the incoming line. This motor in 
turn drives a D. C. generator that fiunishes current at the 
desired voltage. 

898. How is the outgoing voltage regulated? 

Am. By altering the field strength of the generator. 

899. In case the incoming and outgoing current can bear 
the same ratio to each other constantly, what kind of an 
apparatns is used? 

Ana. A machine called a dynamotor. 

168 , ,,,,=.Co()glt^ 
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900. Describe the operatioii of a dynamotor. 

Ang. It IB s D. C. motor rmming on the incomiiig volt- 
ages. On the same armature core is a separate winding 
connected to its own commutator at the other end of the 
armature. One set of field magnets serves for the motor 
winding and the generator or dynamo winding. 

901. Describe in general terms a rotary converter. 

Ans. It combines in a single machine the functions of 
a motor-generator, and a dynamotor. 

908. Why are rotary converters and transformers neces- 
sary? 

Ana. Because it is more economical to transmit alter- 
nating current at high voltages and transform, or convert 
it to the lower voltage at which it is nsed. 

908. Give another reason for using rotary c(mTerterB. 

Ans. For the purpose of transforming altematiug cur- 
rent into direct current when direct current is used. 

904. What is the chief point of difference between a 
rotary converter and a direct current generator? 

Am. The rotary has collector rings connected to certain 
points of the armature winding. 

905. What governs the number of such connections? 
Am. The nnmber of poles and phases. 

906. Describe the different types of rotaries. 

Ans. They are built for single-phase, two-phase, three- 
phase or six-phase. 

907. How many collecting rings has a two-phase con* 
vertet? 

Ans. Fonr collectii^ rings. 

SOS. How many collecting rings has a three-phase con- 
verter? 

Ans. Three collecting rings. 
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909. When alternating current is transmitted at high 
pressure, what means are employed for lowering the po- 
tential? 

Ans. Transformers. 

910. When the incoming current is direct and the out- 
going current alternating, how is the voltage raised ? 

Ans. By step up transfoimers. 

911. Describe the winding of a rotary converter. 

Ans, It is usually shunt wound, or compound wound, 
although sometimes separately excited. 

913. How are rotaries in railway service usually wound? 
Ans. Compound, owing to variations in the load. 

913. What advantage is gained by this method of wind- 
ing? 

Ans. It tends to maintain the D. C. voltage constant. 

914. Upon what does the ratio between the A. C. and 
D. C. voltages of a rotary depend? 

Ans. Upon the number of phases, the lead given the 
B. C. brushes, the wave form of its alternating current, 
and upon the field excitation. 

915. Does the armature drop affect this ratio to any 
extent? 

Ans. It does by decreasing it slightly when running 
A. C. to D. C. and increasLog it when running D. C. to 
A. C. 

916. What are the ratios of conversion approximately? 
Ans, Single-phase 71 

Two-phase 71 

Three-phase 61 

Six-phase 71 or .61 

917. Give an example illustrating above. 
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Ans. It D. C. voltage is 550 vdts, the A. C, if two- 
phase will be 500X-71=390 volta, or it tiiree-phase it will 
be 550X-61=335 volts. 

918. What precautioDB ehoold be obBerved in the ereo 
tion of a lotary converter? 

Ans. Firgfc — It shonld be protected from moiBtore. Sec- 
ond — It should be protected from dust or dirt. Third — It 
Bhould be in a well ventilated room and kept aa cool as 
possible. 

919. Should the frame of the machine be insulated? 

Am. Generally speaking the strain on the winding in- 
sulation will be decreased, and danger to attendant increased 
by insulating the frame. 

920. If a rotary haa been exposed to dampness how may 
it be dried out? 

Ans. By running it with about 10 per cent of the nor- 
mal A. 0, voltage, while at same time 'obsOTving certain 
precautions noted in the text of this book under head of 
rotary converters. 

931. What method should be pursued io caring for the 
commutator? 

Ans. Wipe it off with a piece of canvas — never use waste. 
Lubricate it with a very small quantity of vf^eline, or oil 
applied with a piece of cloth. See that none of the s^ments 
is at all loose. 

If it gets out of true torn it down. 

933. If a coEomutator gets hot while canning only a 
normal load what should be done? 

Ana. Heating under such conditions is an indicatiou 
that the commutator is worn out, and should be replaced 
by a new one. 

933. Give some of the causes of sparking at the brashes. 
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Ana. Brashes may not have proper lead. 

Brushes may not fit commutator. 

BrusbeB may be burned on end. 

Commutator surface may be rough. 
9Zi. What is meant by a rotary bucking? 
Ans. When arcing occurs between two adjacent brush 
holder arms, thus short circuiting the machine. 

985. Name a few of the principal causes ef bucking. 
Ans. Koagb or dirty commutator. 

Excessive voltage. 

Fluctuations in tiie voltage. 

926. What is an oscillator, and what is its function F 
Ans. An oscillator is a device operated either magnet- 
ically, or by mechanical means, and its function is to pro- 
duce a slight, periodic movement of the armature shaft 
endwise. 

927. Why is this endwise movement of the shaft necea- 
saiy? 

Ans. In order to prevent the wearing of grooves in the 
commutator. 

928. What is meant by the hunting of a rotary con- 
verter? 

Ans. It is a slight change of the speed of the armature. 

929. What is the canse of hunting? 

Ans. Irr^ularities in the speed of the generator deliv- 
ering current to the rotary, thus causing a slight difference 
in the relative positions of the armature of the two machines, 
resulting in a change in the phase positions of the generator 
E. M. F. and the counter E. M. F. of the converter. 

930. What are the usual methods of starting rotaiy con- 
verters? 

Ans. First— By a separate A. C. starting motor. 
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Second — By applying direct cnrrent to the commutator. 
This starts the converter ae a Bhant motor. 

Third — By applying alternating current directly to the 
collector rings. This starts the converter as an induction 
motor. 

931. What is meant by synchrcmizing a rotary converts ? 

Ans. Bringing it to the same frequency, the same phase, 
and the same voltage as the generator from vhich it is 
receiving current. 

933. What method is employed to determine when the 
machines are in synchronism ? 

Ans. There are Beveral methods, the most common one 
being by means of incandescent lamps connected in series 
with the two machines. 

933. What is a synchroscope? 

Ans. It is an instrument for determining when electrieal 
machines are in synchronism. 

934. What is an automatic synchronizer? 

Ans. It is a device that will automatically synchronize 
two electrical machines; also connect a synchronized ma- 
chine with the main by means of an electrically operated 
switch. 

935. Name two important points to be looked after be- 
fore starting a rotary converter. 

Am. First — See that both the A, C. and Q. C. bmsbef! 
are properly adjusted and that every thing is clear about 
the converter. Second — See that the switches on board are 
open on both the A. G. and J). C. sides, and that the resist- 
ance of the rheostat is all cat in the field ciicoit. 
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935. How are svitchboards made up? 

Ana. They are built up of panels of slate or marble sup- 
ported by frames of angle iron. 

936. How are the different panels designated? 

Am. Some are for motor control, others for dynamo 
running, others for operating the outer circuit, and others 
for charging storage batteries. 

937. Is a knowle^ of ewitchboards an important mat^ 
ter? 

Ans. It is, and every engineer should especially study 
those in his own station. 

938. What is the regular equipment of a D. C. switch- 
board having a capacity of from 250 to 6,500 amperes? 

Ans. One carbon-break or magnetic blow-out circuit 
breaker with telltale. 

One illuminated dial ammeter with shunt. 

One hand wheel and chain for operating rheostat 

One receptacle for voltmeter plug. 

One S. P. S. T. field switch. 

One S. P. S. T. main switch. 

One recording watt-hoar meter. 

939. What is meant by the abbreviations S. P. S. T.?. 
Ans. Single Pole Single Throw. 

940. What does D. P. D. T. mean in speaking of switch- 
boards ? 

Ans. Double Pole Double Throw. 

9il. What is meant by T. P.? ,L. ', 

159 ...C.oogl^'^,- : 
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An». Triple jxde. It opens enrj circoit of a three- 
phase eyatem. 

94S. Is it good practice to place a main switch at the 
machine? 

Ana, It is best, 

943. Why? 

Ans. So that the cables from goierator to board may 
be cut aS at the generator. 

944. What is an equalizer? 

Am. It is a cable nmning along from machine to ma- 
chine, and connecting the fonctions of aeries field and 
brush on all the machines, bat does not connect with switch- 
board. 

945. What kind of a break has the field switch? 
Ana. A carbon break. 

946. Describe the action of a field switch. 

Ana. Just before it opens it makes contact with an extra 
clip, and puts a resistance on as a shnnt araond the field 
coils. 

94?. If this were not done what would be the conse- 
quences? 

Ana. The fields would act as a spark-coil and the in- 
sulation be damaged. 

948. Wh^ it is desired to tiirow a generator in par- 
allel with other generators already running what is the 
proper method of procedure? 

Ana. First. Close main and equaliser switches near the 
machine. 

Second. Cloae field switch on panel 

Third. Close circuit breaker. 

Fourth. Insert potential plug in recqitade and.r^ulate 
voltage. t.oook' 
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Fifth. When proper voltage U obtained close the other 
main switch on paneL 

949. What ia meant by roltage? 
Ans. Electric presBure, or poteiitial. 
960. What is a volt? 
Ans. The nnit of presHure. 

951. What ia a voltmeter? 

Ans. An instrument that indicates the voltage. 

952. What is an ohm? 
Ans. The nnit of resistance. 

963. Give a brief definition of Ohm's law? 

Ana. The electromotive force equals the resiBtauce mul- 
tiplied by current intensity. 

954. What is an ampere? 

Ans. It is the unit of volome, or qoaQtity'time nnit for 
measnring the rate of flow of an electric cnrreot. 

965. What is a coulomb? 

Ans. It 18 an ampere-second. A coulomb equals the 
flow of an ampere of current past a given point each second 
of time. 

956. Wbat is an ammeter? 

Ans. An apparatus for measuring current rate. 

957. What is the meaning of the word watt as used 
in electrical work? 

Ans. A watt is the unit of work. It equals voltaXam- 
pares. 

968. What is the function of the wattmeter? 

Ans. To record the watt-hours of work. 

959. WhatisakUowatt (K. W.)? 
Ana. 1,000 watts. 

960. Expressed in horse-power, what is one K. W. equal 
to? >;^^' 
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Ans. 746 horse-power. 

961. What is a field rheostat? 

Ans. An apparatus for controllmg the cnrreot oatpni 

962. What is the fimctioa of a tranaformer ? 

Ans. To transfonn the current from a higher to a lower 
voltage, or from A. C. to D. C. 

963. What is meant b; sjmchronism of electric ma- 
chines? 

Am. When the mazimxmi value of the E. M. F. in 
each machine occurs at exactly the same instant of time, 
the machines are in synchronism. 

964. What ia meant by the exciter pand of a switch- 
board ? 

Ans. It is the panel that is equipped with the necessary 
switches, etc., for connecting the small exciter dynamo with 
the other g^erators ia the station. 

965. What is a sub-station? 

Ans. It is the connecting link between the transmission 
line, and the trolley wire or third rail. 

966. When A. C. is generated at the power station, and 
D. C. is used on the line, how is it accomplished? 

Ans. The A. C. is changed to D. C. by rotaiy conTerters 
at the snb-station. 

967. What is meant by frequency? 

Ans. The number of times the current reverses per sec- 
ond. 

968. What is the usual frequency for railway motors? 
Ans. 26 is the standard. 

969. What is a frequency changer? 

Ans. A machine which receives current at one frequent 
and delivers it at another frequency. 

970. What apparatus is used in an A. C. to D. C. sab- 
cation? '^' 
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Ans. Step down transformerB, rotary converters, and 
A. C, incoming and D. C. outgoing switchboards. 

971. What ia the proper procedure for placing rotary 
converters in service ? 

Ans. After the machine .has been started from the A. 
C. ends, and builds up with the proper polarity, first close 
the equalizer switch (on machine) — second, close circuit 
breaker on panel — third, insert potential plug in receptacle 
and regulate voltage — fourth, when the proper voltage is 
obtained, close positive switch (on panel). 

972. What will be the result if the rotary builds up with 
polarity reversed? 

Atis. The voltmeter will swing back of zero. 

973. How may the polarity be corrected? 

Ans. By means of the fgur-pole, double-throw field 
break-up reversing switch mounted on the converter. 

974. Describe an oil switch. 

Ans. It is a switch similar in its action to other 
switches, with the exception that its mechaulBm is im- 
mei^ed in a small tank of oil. 

975. What advantage is gained thereby? 

. Ans. Beliability of action in opening or closing a cir- 
cuit. 

976. Mention another advantage gained by the use of 
the oil switch and oil circuit breaker. 

Ans. It has made safely possible the transmission and 
use of high-tension currents of electricity. 

977. What is a circuit breaker? 

Ans. It is a switch so designed as to be capable of fre- 
quently opening the circuit carrying its full current with- 
out any damage to itself. 

978. What is a galvanometer? 



r 



16t Sttam Engineering 

Ans. Ad instrnmeDt consisting of b coil of wire eai^ 
ryisg the cnrrent to be tested, and a magnet, the two be* 
ing arranged so that coie can be deflected. 

979, Describe the Thompson l^pe of galvanometer. 
Ana. The coil of wire is stationary, and the light mag- 
netic needle ia suspended by a silk thread. 

980. What is a lightning discharge? 

Ana. An equalization of potential between the earth, 
and either clouds, or saturated atmoBpher& 
9S1. What path does the discharge generally follow? 
Ana. The path of least resistance. 

982. What are the generfd requirements for protection 
of electric stations from lightning? 

Ana, The supplying of paths to ground for any charge 
which might accumulate on lines or machinery. 

983. What is the general theory of the multi-gap lij^t- 
ning arrester? 

Ana. When voltage is applied across a series of mnlti- 
g^ cylinders, the voltage distribution is not nniform, but 
IB governed by the capacity of the cylinders, both between 
themselves, and also to ground, which results in the con- 
centration of vcdtsge across those gaps nearest the lin& 

984. What are the principal elements of a 600 volt 
Q. G. aluminum lightning arrester? 

Ana. Two concentric aluminum plates inunerBed in an 
electrolyte contained in a glass jar, the outside ptate of 
each cell being positive, and the inner one native. 

985. Describe the multigap lightning arrester for A. C. 
Ana, It consists of a series of spark gaps shunted by 

graded resistances, but without series resistance. 

986. Describe briefly the atominum lightning arreater. 
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Ans. It ccmsista of two alnminam platcB on vhich baa 
been formed a film of hydroxide of sliunmiim> inunened 
in a suitable electrolyte. 

987. Describe the D'ArsoDTat galvanometfiT. 

Ans. In this type the email light coil of vire is sna- 
pended by a fine bronze iriie between the poles of a atation- 
ary magnet 

988. How are the readings taken from these instm- 
ments? 

Ana. Tnm a circnlar icale, over which ttie needle of 
the instmmrat swings. 
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Definitions 



A. C. — ^Alternating Current. 

AbeorptioQ. — The act of one fonn of matter Bneking, or 
draining in some otiier form of matter, as in the caee 
of a sponge taking up vater. 

Acceleration. — The increase of motion. 

Accumulated Electricity. — Electricity confined or stored, 

as in a condenser. 

Accumulator. — Sometimes used to designate a condenser, a 
Ley den jar, or a storage battery. 

Active Coil. — A coil or conductor conveying a current of 
electricity. 

Active Current. — The active constituent of an alternating 
current, in contradistinction from the wattless compo- 
nent 

Active Wire. — The section of wire on the armature of a 
dynamo which goes through the field of force, in con- 
tradistinction from the remaining wire, which does not 
pass through the fiux. 

Aerial Circuit. — An elevated circuit. 

Air Blast. — A blast of air acting upon the surface of a 
commutator to prevent damaging flashes. Also used to 
cool transformers In some cases. 

Air Gap. — Any gap or aperture in a circuit which con- 
tains air only. 

Air Insulation. — Insulation produced by the action of air. 
167 
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American Wire Gauge. — The name by which the Brown & 
Sharpe wire gauge is known, in which the diameter of 
the largest wire. No. QOOO, is 0.46 inchea, and wire No. 36, 
0.005 incheB, and all other diameters progress in geomet- 
rical order. 

Ammeter. — An abbreviation for ampere meter. TTaed for 
measuring current rate, or voluma Any calibrated gal- 
vanometer having its scale marked to read amperes is 
an ammeter. 

Ampere. — The unit of electric current flow. An ampere ia 
that volume of current which would pass through a cir- 
cuit that offered a resistance of one ohm under an electro- 
motive force of one volt. 

Ampere Hour. — A unit of quantity eqaal to the amount of 
electricity transmitted by one ampere flowing daring one 
hour. 

Ampere Turn. — A unit of magneto-motive force equal to 
the force resulting from the passing of one ampere over a 
single turn of wire. 

Anode. — The positive pole a battery. 

Are, — A s^^ment of a circle. A voltaic arc. 

Armature fieaction, — The reactive magnetic effect resnlt- 
ihg from the action of the current in the armature of » 
dynamo on Che magnetic circuit of the machine. 

B 
B. S. Q. — British standard gauge. 
B. & 8. W, G. — ^Brown & Sharpe wire gauge. 
B. W. G. — Birmingham wire gauge. 
Balanced Load, — A load uniformly apportioned to two or 

more generators. 
Balanced Resistance. — ^A resistance arranged in a bridge, 

and balanced by the reaiduuy resistance in the bridge. 
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Bar Windings. — ^Armatnre windings conetracted of copper 
bars. 

Bipolar. — FossesBing two poles. 

Birmingham Wire Qauge. — A wire gauge OBed in England. 

Booster. — ^An aoxiliary dynamo used to increase the volt- 
age of a feeder, or a set of feeders beyond the voltage of 
the rest of the system. 

Bridge, Electric. — A contrivance used to measure nnkoown 
resistances by comparison witb adjustable ones. 

Bunched Cable. — ^A cable having more than one wir^ or 
conductor. 

BuB-bars. — Bars composed of heavy condacting metal, and 
connected directly with the poles of generators. 
C 

C. G. S. — Centimetre, Grammy second. 

C. P. — Candle power. 

Calibrate. — To ascertain the complete or relative values of 
the indications of electric^ measuring instnunents. 

Candle. — The unit of photometric energy. Equals the Ugbt 
produced by a standard candle bnimng at the rate of two 
grains per minute. 

Cathode. — Opposed to anode. 

Condenser. — ^A device for augmenting flie capacity of an 
insulated conductor by placing it in contigaity to another 
earili-connected conductor, but from which it is sep- 
arated by an intervening body which will permit dectro- 
static induction to occur through it. 

Constant Current — A current, the strength of which does 
not vary. 

Continuous Current — ^A current flowing in the same di- 
rection only. 

Cycle of Alternations. — Altemations of the current per 

second. 
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Coulomb. — The imit of electric quantity accepted for prac- 
tice. That quantity of electricity that would pasa in one 
second through a circuit conveying one ampere. That 
quantity of electricity contained in a condenseT of one 
Farad capacity when subjected to an £. M, F. of one 
volt. 

D. 

D, C. — Direct current. 

D. P. S. — Double pole switch. 

Differential Winding. — Double winding of magnet coils 
resulting in the opposition of the two poles to each other. 

Dynamic Electricity. — Current electricity as diatinguished 
from static electricity. 

Dyne.— The C. Q. S. unit of force. 

E 

E. H. P. — Electrical horse-power. 
E. M. F. — Electromotive force; 

Electrolysis. — Chemical decomposition by the action of an 
electric current. 

F 

Farad. — The practical unit of electrical capacity. That 
capacity of a conductor that is capable of holding one 
coulomb at one volt potential. 

Feeders. — Wires furnishing the main conductors with cop- 
rents at different points, thus serving to equalize the po- 
tential under load. 

Five-wire System. — A system wherein four series connected 
dynamos are connected to five conductors. 

Flux. — Magnetic induction ; the number of lines of force 
which pass through a magnetic circuit. 

Frequency. — Number of cycles per unit of time by an al- 
ternating current. 
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G 
OTsmroe. — A unit of weight equal to the weight of one cubic 
centimetre of pure water at its maximum density, at a 
temperature of Z9.2° Fahr. in a vacuum. A weight 
equal to 15,44 grains troy. 

H 

H. P. — Horee-power. 

Hard-drawn Copper Wire. — Copper wire hardened without 
annealing, by being drawn several times. 

Henry. — The practical unit of electro-magnetic, or mag- 
netic inductance. 

Horse-power, Electric. — A rate of electrical work equal to 
746 watts, or 746 volt-conlombs per second. 

Hysteresis. — Slowness of magnetization in respect to mag- 
netizing force. 

I 

Induction. — ^The influence exerted without contact, by a 

magnetic Md, or a charged mass upon neighboring 

bodies. 
Inverted Arc Lamp. — An arc lamp wherein the positive 

carbon is below instead of above, as in the regular arc 

lamp. 

J 

Jump Spark. — A disruptive spark excited between two con- 
ductors, in distinction from a spark excited by a rubbing 
contact. 

K 

K. W.— Kilowatt. 

Kilowatt. — One thousand watts. 

Kilowatt-Hour. — Work equal to Qie expenditure of one K. 
W. in (me hour. 
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h 

Lag. — Dropping behind. 
Lagging of Current. — The retarding in phase of an •!- 
temating current behind the pressure which produces it. 



Megohm. — One millioQ ohms. 

Metre. — A measure of length eqtial to 39.368 inches. 

Miero-Fard. — The millionth of a Farad. 

Mil. — One thousandth of an inch. 

Multiphase. — Containing more than one phase. 

Multiple Circuit. — A circuit in which the positive poles of 
a number of separate sources, and receptive devices are 
connected to a single positive lead or conductor; their 
negative poles being connected to a single n^^tive lead 
or conductor. 

Multiple Series. — Series groups connected in multiple. 



Ohm, — ^The practical unit of resistance. A resistance that 
would confine the electric Sow under an electromotive 
force of one volt to a current of one ampere, or one cou- 
lomb per second. 

Ohm's Law. — The basic law, expressing the relation be- 
tween current, E. M. F., and resistance in active cir- 

E 
cnits. Expressed algebraically 1= — , in which I equab 

R 
current intensity, E equals E. M. F., and H equals resist- 
ance. Other forms of exprcBsiug ohms law are as follows : 

E 
E=— . E=BL 
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O^er Componnded. — Compound winding of such a charac- 
ter on a dynamo that its voltage at its terminals is caused 
to increaBe under a greater load. 
P 

Parallel Circuit. — A term signifying multiple circuit. 

Parallel Series. — Signifies a multiple series connection. 

Periodicily of Alternation. — The rate of succession of al- 
ternations per second, or per minute. The frequency. 

Polyphase Current. — Currents that constantly differ from 
each other, due to their proportion of periods of alter- 
nation, and adapted to polyphase motors. 

Froposed Definition for 2,000 Candle Power. — ^An arc 
vhose maintenance will require 450 watts. 
B 

Bheostat. — ^Will adjust the reeistance without opening the 
circuit. 

S 

Standard Ohm. — ^A piece of pure copper wire one circular 
mil in diameter, and one foot long at a certain tempera- 
ture. 

Static Electricity. — ^Electricity generated by friction. 
V 

Volt. — The practical unit of electromotive force. An E. 
M. F. that would cause a current of one ampere to flow 
through a resistance of one ohm. 
W 

Water Horse-Power. — ^The power developed by 15 cubic feet 
of water falling through a distance of one foot per second. 

Watt, — The practical unit of electric activity, rate of work, 
or energy. A watt equals 44.S5 foot pounds of work done 
per minute, or 0.7375 foot-pounds of work done per sec- 
ond. 

Watt-Hour. — ^TJnit of electric work. One watt exerted or 
expended for one hour. 
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Power 69 
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Batlo of Expansion 67 
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Simple Bngine 4T 

Specific Heat 41 
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Valves and Valve Setting , . , , .Dl-CG 

Valves for BoUer Connections 24 
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Watt 108-109 
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The Calculation of Horse 
Power Made Easy : : : 

Br 1. EUiOTT BROOKES 
A a A at af "Cm ud OS Ea^aa HuMtook.'* 



>ize,5x7X< 80 PavM» Illustrated. Qotli, 7S Cents 



THIft work demli fn % prkctlcsl and dod- 
technlcKl nanner wltb tlie calcnlattoa 
Ol the power of Steun Bnslnea. *Bzpk>- 
■Ive and Slectcia Uoton. 

Partloalar BtteDtion baa been dTCn to tb* 
full eiplanatlaD ol the elementary prlncl^lea 
niiOD whJcb the calculaUona are based. 

It has been the endesTor to present In as 
simple a manner as Is possible, a nmnber ol 
useful rules and lormulas that mar be of 
freat value to SnoiiniBa. MAxmimata and 
DiBisMsas In calculattni bone power. 

Boles for plotting steam encbie diacTuna 
br arithmetical, Beometilcal and (rapblcal 
methods are ctTen and tullr explained, abo 
the method used In plottlns the dlasram ol 
an explosive motor. 

Tbls work covers many points temitinf 
the calcnlatltm ol horse power and naefol 
Information cot hitherto published In a sinils 
•olmne, and Inchidea Oatcnlated. Brake and Indicated borse power. Point of 
tnl-oll and average steam pressure. Horse PowerofBiploslve Motors. Desrea 
if Compression and Combustion Chamber DlmenslonB. Indicator DIacrams ol 
iteam Eaglnes and Explosive Uotoni. also tables ol Average Steam Preainie, 
Ireaa of OlnUea, Sixnares of Diameters of drctes. Natural I«Karltbms of Hum- 
■ers.Tbermo-dTnamlo Properties of Gasoline and Air, Common LottarltluDt 
>f Numbers, and Hensnratlon □! Surface and Volume. 

The term " SxpIOBlve Uotor " Includes Oas, Gasoline and OIlEntines. 
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ELEMENTARY ELECTRICITY 

UP TO DATE 

By SIDNEY AYLHER-SMALL, M. A. L E. E. 



f¥^IS book opens dp ths i*«t 'or 
I uiyone who dealtes an koctu-Bte 
tod comitlete kDowledse ol elec- 
IricKr U ■ luehil agent, in tlie hands 
of msD. lor Ute transmlasloii of me- 
cbknlcal eneriy, and the creation ol 
light. 

a tboye, the Ijook also 

ide and InMniclor to the 

seeker after knonledce alons tbeee 

Hues. 

s in Uie rona oi » almide 

m on tlie primary aBpecIa ot 

the niblect It oondDcta the itadent bT 

easy Btagea through the Tarioua aa- 

pecCa of static electricity, the different 

types ot apparaCna for PTodnolnE It. 

all of which are plainly deacrilted and 

Illastrated and their action made plain and easy ol comprehension. 

Quite a larce space la OeToted to this Important topic, atthoogb no 

more tlian la actually necessary, as the Hubjecta ol condensers andidmple 

electrical maehlnes are also thoronghly handled, and the prlnclplea 

KovemlDS ttieir action clearly explained and lllnstrated. The aabject of 

•tnuMpberiaeleatttoltr la next dealt with, and litthtnlnearreaters treated 

upon, eapedally In tlielr relMion to electric poirei statloDs.lnib^tatJons 

and Una irirea. The wondertnl and mysterious subject oE magtietlsn) 

la next treated upon at lencth and clearly szplahied— tlie explanations 



Primary batteries ol aD types, atoraie batteries and the eflects ol elec- 
trolysis each and all reoelTe a large share ot attention. Electric clrcnlU 
and the laws govemfiig the flaw of ctirrent, Inclading Ohm'a law, are all 
clearly explained. The stadent has now arrived at the point wbere 
electrical work, power and eSlcIency Is the topic, and where the genera- 
it electrical uurenCs of bigb potentlat and large 
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Practical Armature 
and Magnet Winding 

Bt henry C HORSTMANN Md VICTOR H. tOUSLET 
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HILS tbe Biibject □ 1 sTmitiire vfDd- 



tbeu workg bi 
Id their com[h 
fair tiegrce of 
befoie they cc 
There hu t»e( 
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Is necesauy 
BMndlDB, won] 









This book treats Id > practicml and con- 

clie maimeT this very Iminrtaiit mblect. 

All Dractlcal ■rmatnre vrlDdbieB are IdUt exDlslued with si>eclal att«ii- 
tlon paid to details. AU qnestionB which are ant to ailie Id the mlnda 
of the BtudenM have beea ooinpIetelT aDSwered. 

NDmerooa lUuatiatloiifl have beeo RUPDlled, and these, taken Id cod- 
JimctloD itlUi the teit, afford a ready metDB loi either tbe atady of the 
annatiiTe oi for a book oE lefereuce. 

It hag been the aim of the anttaorg to anpply all the neceaaaiy hilonD*- 
Hoa reqidced by the sabject and, at tbe same time, to Elve this Inlorm*' 
tioD Id aa condeiiKd and brief a form aa U cooalatent with a clear 
nnderatandlDS. 

VarlooB luehil tables have been eeped ally preoared for thli work «Dd 
these nill not only rednoe to a "■'"i""™ tbe nnmbel of ealonlaUoni i«- 
qnlied, bnt leaaen tbe poaalbiUty of errors. 

A chapter on the calcolatlon of armatarei titOK complete iDformatlon 
In detail lor the destgii of 
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OPERATORS' WIRELESS TELEGRAPH 
AND TELEPHONE HAND-BOOK 

By VICTCHt H. LAUCHTEB 

historicafwork o( early invesli- 
ntors on ap to the present day. 
Describes in detail tne constrnc- 
tion of an experimental wireless 
set. How to wind Bpark coil and 
dimensions of all sise coils. The 
tnning of a wireless station is 
fully explained with points on 
the oonstmction of the varioos 
inBtnments. 

A special chapter on the study 
of wireless telegraphy is eiven 
and the rules of the Naval sta- 
tions with all codes, abbrevia- 
tions, etc., and other matter itt- 
tetestang to an« who takes np this study. 

The most difficult points have been explained in non- 
technical langnage ana can be understood by the layman. 
Wireless telephony is given several chapters and all the 
systems in use are shown with photograpns and drawii^. 
By some practical work and a close study of this treatise 
one can soon master all the details of wireless telegraphy. 
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•talUtian of "Wirelw^ en dw U. S. War Slips and Ouui 
Unwa ¥1.00 
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Twentieth Century 
Machine Shc^ -n^^^*:^^ 



By L. BLUOT' 



Piopsrtiei at iteuii. Tfaa Indi- 
Mtor, HorMpowai and Bleenicllr. 

Tb<iUtMr iwl of tbabook cIt« tall and complete Intorniatloii 
upon tha tillowinc anUecM: Haataiinc deirica*, Machinittt' loob. 
Shot) tooli, Machlna toola, Borina machioei. Borhif milla. Drill 
prnasa, Gau Cottini maoliiDai. Gitndlai Uachinea. IMhet and HUl- 
inf machinal. Alto aaiillaTT machine tooU. PorUbla tool*, Uiaealla- 
naona looli, Plain and Spiral lodaiinE machinei. Note* on Staal , Gaa 
tuniaoa*. Shop talka, Shop Idnlia, Uedlcal Aid and aver Piftr tables 

Tbabook ia tnataielr lUnitra ._ .... . 

maehinary ud tha most np-to-data and impraved belt 

dritan machine toola, with tail intoimitioD 

ttoB. It hai been the object ot iba aati 

matter In tida work in aa almple and i 

POtdUa. 



ilewt. ot (he 1 
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ENGINEERS 




Or, BLECTIUCITV 
FOR STEAM ENQINEERS 

Ba HsauBT a HOBsruAm ima 

VICTOR H. TOQSIiBT, 
itboR of "Modflm WlrlDs DlAcmua and 
IMacilptUaia for El*cttlii«l Wokan." 



TMi «z««II«it tTMtlw Is irritMn br 
CDsliieen tor engliMan, tmd I* % elNC 
ana oompKbemdralRAtln on tbairln- 

dples. oonstmctlon and " ' 

DyiiAiiMM, >&>tor«, lamp* 
tmea, InAoatora And Hm 
ntents, aimll asfnll esjfaat/t 
prlndplM gowwdpg the i 



perhapa bat tew «iicbieera Vbo baT« not ii 

oome In contact wltu (he Bleotrleal apMntna anon as penaans lo iig^t 
and power distribution and BoerailoD. UttaepreMntrateot Inoreaa* 
In Uienseol Eleotrioltr it la bnt aqneatftm ot Umewlien areiy atean 
biitallatlonwimiftveln eonnectonwlthltanaleotttaalBWMraMr, eT«Q 
In aneh bnlldlnsi wbere llgbl ajid ptnnr are anpplled Vf arane oantnl 
station. It ia «aaential tiut the mui In obaige of ICiuflBea, BoUem, 
BleTatcaB.eto., be ftunlllarwltli eleotrloal mattMrB,and u oannot well 
be other th«n an sdvantace to bin) and Us employes. ItlawltliaTlew 
to ""rt.t.tny ODiiiMws and oUura to obtain anon knowledsoaa will enable 
' IT tbeiroonttS^Mtlila book baa been written, ^beantbcwi 



tuiTo bad the oo-operatlon ol the ] 

wul thelnt<»ni»tton A-na^ i« ]nai 

To further this luormatlon. 



]nat snob as a aiaant m 



ilaom engineer Bhonia fcni 

^ _je oBMfnUj explain the te 

near^ 100 UlastraHona are nsed, which, with perhMN KTeryfewszo 
•*""- *'""-**"*^ *-"**^*'ly made lorthlB boot There ai^* "*"•****'■ 



covering all aoEts of eleaineal matter*, so that Immediate lefvencaoan 
be made without leaoning to flgoring. Itooveavtbestojeottliarotuthiy, 
but BO almp^ that any one can nndnatond It fnllr. Ain one "■■■""g a 
tB'«MiiMeto«aeelJloal Mi g 1ii e HrlTi gn oofl atlil«boi>lt. NoaaigheaDa»p»" 
down like the lack of traloinii; nothing lUta him np as qnlekly o) 
■mely •• a tJioroiuh, practlsalknowledge of thewt^ne has to do. '. 
book was written lor the man without an opporttmitT. Nomattern 
be la, or what woA he has to do, It glTea Ui ' 
and (saining asKm required to attdn ancoe 



whea last w 
It eleoirloltr. 
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Easy Electrical Experiment 
and How to Make Them 

By L. P; DICKINSON 

This ii the vary latest and m' 
valuable work on Electricity for tl 
amateur or practical Electrician pu] 
lished. It gives in a simple ani 
easily understood language every 
thing you should know about Gal- 
vanometers, Batteries, Magnets, In- 
duction, Coils, Motors, VoltmeterSi 
Dynamos, Storage Batteries, Simple 
and Practical Telephones, Telegraph 
Instruments, Rheostat, Condensers, Electrophorous,' 
Resistance, Electro Plating, Electric Toy Makisg, etc. 
The book is an elementary hand book of tessoni* 
experiments and inventions. It is a hand book for 
beginners, though it includes, as well, examples fof 
the advanced students. The author stands second to 
Dooe in the scientific world, and this exhaustive weak 
will be found an invaluable assistant to either the 
Rudent or mechanic. 

Illustrated with hundreds of fine drawings; fMlB ^ 
on a superior quality of paper. 

I2mo Cloth. Prlc^ $1.25. 

Bml poatpald to ■nr addras ivon reoetpt of pits 
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Practical Mechanical Drawing 
and Machine Design SeJf-Taught 

Br CHARLES WESTINCMOUSE 

Owr 200 lUartnitmM and 160 P>gM. Pric% *2 M 



A COMPLETE SELF -INSTRUCTOR FOR HOME 
STUDY on Drafting tools— Gepmetiical defini- 
tion of plane fignres — Properties of the circle— Poly- 
gons — Geometrical definitions of solids — Geometrical 
drawing — Geometrical problems — Mensuration of plane 
snrfacea — Mensuration of volume and surface of solids 
— The development of curves — The develcnnnent of anr- 
faces — The intersection of sarfaces — Machine drawing 
— Tcfdmical definitions — Material used in machine con- 
Stmction — Shafting — Machine design — Transmiasion of 
motion by belts — Horsepower transmitted by rope»— 
Horsepower of gears — Transmission of motion by gears 
— Diametral pitch syatem of gears — Worm ge«nng — 
Steam tx>iler»— Steam engines — Table*. 

Frederick J. Drake & Co^ Publishers 

CMCAGO. U. S. A. 



Complete Examination 
Questions and Answers 

FOR Marine and 
Stationary Engineers 



Br CMn F.Swn^ M.E. AmfwTot Swinile*! Twwitiadi 
r>iitMrj IhnilITiiiili fill lliiiiiiriiuiiMniioiiiiriiiiiiiiiiiw 
Modem Locomotive Engineerinc Handj Book, »nil 

~ ~ " ~ tmctiaii, cere uul managen 

nrHIS book la ■ eompeniiitim ol 
^ a»fDl kuowledve. ud oite- 
tioil polnieTs, lot all eailnMcs, 



■IV moca dm* >l Mudr lh«n U ab- 
tolDlglr iwcHuiT. tfaa book will 
proTs ■ rich mlna (ram wblcb tbw 
mw drmw dukcU of iml ths Und 
of Intormulon (h« tbar ta look* 

i1i« malliod pomad br tha au- 
thor io ths conmllBUon of the work 



■aareh of any |i*rli«ulat 

« alactrio ^anlT 



■Ithsr, baton hs fladi It bsuu 
tha mallar 1 • miematicaUj ■ 
ranged and claaalnad. 
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